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ABSTRACT 
 
 Nitrogen (N) is an essential plant nutrient in maize production, and if considering only 
natural sources, is often the limiting factor world-wide in terms of a plant‟s grain yield.  For this 
reason, many farmers around the world supplement available soil N with synthetic man-made 
forms.  Years of over-application of N fertilizer have led to increased N in groundwater and 
streams due to leaching and run-off from agricultural sites.  In the Midwest Corn Belt much of 
this excess N eventually makes its way to the Gulf of Mexico leading to eutrophication (increase 
of phytoplankton) and a hypoxic (reduced oxygen) dead zone.  Growing concerns about these 
types of problems and desire for greater input use efficiency have led to demand for crops with 
improved N use efficiency (NUE) to allow reduced N fertilizer application rates and 
subsequently lower N pollution.  It is well known that roots are responsible for N uptake by 
plants, but it is relatively unknown how root architecture affects this ability.  This research was 
conducted to better understand the influence of root complexity (RC) in maize on a plant‟s 
response to N stress as well as the influence of RC on other above-ground plant traits.  Thirty-
one above-ground plant traits were measured for 64 recombinant inbred lines (RILs) from the 
intermated B73 & Mo17 (IBM) population and their backcrosses (BCs) to either parent, B73 and 
Mo17, under normal (182 kg N ha-1) and N deficient (0 kg N ha-1) conditions.  The RILs were 
selected based on results from an earlier experiment by Novais et al. (2011) which screened 232 
RILs from the IBM to obtain their root complexity measurements.  The 64 selected RILs were 
comprised of 31 of the lowest complexity RILs (RC1) and 33 of the highest complexity RILs 
(RC2) in terms of root architecture (characterized as fractal dimensions).  The use of the parental 
BCs classifies the experiment as Design III, an experimental design developed by Comstock and 
Robinson (1952) which allows for estimation of dominance significance and level.  Of the 31 
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traits measured, 12 were whole plant traits chosen due to their documented response to N stress.  
The other 19 traits were ear traits commonly measured for their influence on yield.  Results 
showed that genotypes from RC1 and RC2 significantly differ for several above-ground 
phenotypes.  We also observed a difference in the number and magnitude of N treatment 
responses between the two RC classes.  Differences in phenotypic trait correlations and their 
change in response to N were also observed between the RC classes.  RC did not seem to have a 
strong correlation with calculated NUE (ΔYield/ΔN).  Quantitative genetic analysis utilizing the 
Design III experimental design revealed significant dominance effects acting on several traits as 
well as changes in significance and dominance level between N treatments.  Several QTL were 
mapped for 26 of the 31 traits and significant N effects were observed across the majority of the 
genome for some N stress indicative traits (e.g. stay-green).  This research and related projects 
are essential to a better understanding of plant N uptake and metabolism.  Understanding these 
processes is a necessary step in the progress towards the goal of breeding for better NUE crops. 
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INTRODUCTION 
 Nitrogen (N) is a key element in the production of many plant cellular components 
including but not limited to cell walls, proteins, nucleic acids, and chlorophyll (Fageria and 
Moreira, 2011).  Therefore, plants need N for not only normal growth and replication of their 
cells, but also for photosynthesis to produce energy for these processes. Corn (Zea mays L.) is no 
exception to this.  Studies have shown that insufficient nitrogen levels in corn fields will lead to 
yield loss (Cerrato and Blackmer, 1990; Jacobs and Pearson, 1991; O‟Neill et al., 2004).  This 
fact has led to the development of several methods for estimating appropriate nitrogen 
application rates.  Some organizations have implemented these methods into nitrogen rate 
calculators, the most well-known of these being from Iowa State University 
(http://extension.agron.iastate.edu/soilfertility/nrate.aspx).  In order for this calculator to give a 
recommended nitrogen rate, certain parameters must be considered including soil type, regional 
climate, type of nitrogen fertilizer applied, price of fertilizer, expected price the crop will be sold 
for, the type of crop planted the previous year (an N credit is applied for fields that had N-fixing 
crops like soybean the previous year).  These parameters will allow the calculator to give you an 
estimated optimal N rate, but this is only an estimate.  The true optimal N rate, or the rate at 
which most if not all applied N remains in the soil and out of groundwater or streams because of 
either uptake by the crop or other methods, is further influenced by many micro-environmental 
factors and agricultural practices (de Brito Melo, et al., 2011; Hokam, et al., 2011).  These 
variables could either raise or lower the true optimal nitrogen rate.  It is accepted that predictions 
from N-rate calculators cannot account for all variables, and therefore, some estimation is left to 
the farmer.  In Concepts and Rationale for Regional Nitrogen Rate Guidelines for Corn (2006), a 
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publication developed jointly by soil fertility specialists at the University of Illinois, Iowa State 
University, University of Minnesota, The Ohio State University, Purdue University, and 
University of Wisconsin, Gyles Randall of the University of Minnesota suggests that social and 
psychological factors may influence a farmer‟s decision regarding the N-rate he/she will apply.  
One of these factors, Randall suggests, is the concern for a visually unhealthy crop which may 
hurt the farmer‟s reputation in the community.  Another factor is the farmer‟s experience and 
background, and a desire to not change from a traditional rate.   These factors, as well as others 
such as when N is applied may account for some of the problems we see with N pollution.  
Galloway, et al., (2004) showed that human activities were primarily responsible for the 
global creation of reactive N like nitrite, nitrate, and ammonium at a rate of 165 Tg N year-1.  By 
these estimates, humans are increasing reactive N over natural levels by 33 – 55% every year.  
But this estimate is only true if you are considering rates of natural fixation by bacteria on land 
and in the ocean as a baseline.  However, this may be an inaccurate estimate of human effects on 
the natural N cycle considering most N pollution in eutrophic estuaries comes from terrestrial 
sources and not the ocean (Nixon, et al., 1996).  So, if just natural fixation from terrestrial 
bacteria is considered as a baseline, by some estimates humans have doubled production of 
reactive nitrogen (Howarth, 2008).  With an ever increasing effort to reduce humanity‟s 
detrimental effects on nature, it is recognized that we must find ways to reduce our input of 
reactive N into the environment. 
Howarth, et al. (2002) estimates that approximately 25-30% of anthropogenic reactive N 
is lost to coastal areas through riverine fluxes although the source of the N differs depending 
upon region.  In the Mississippi River basin, the main source of reactive N in coastal areas from 
anthropogenic activities is leaching and run-off of synthetic fertilizers used in agriculture (David 
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et al., 2010).  N fixing legume crops such as soybean contribute as well, but to a lesser degree 
(Howarth, et al., 2002; Galloway, et al., 2004).  Nitrogen fixing crops are able to fix atmospheric 
N2 into biologically available reactive N through bacterial symbioses.  Reactive N can leach into 
groundwater just like N from synthetic fertilizers if it is not taken up by a plant.  In the Northeast 
U.S., anthropogenic reactive N comes mostly from the burning of fossil fuels (Howarth, et al., 
2002; Galloway, et al., 2004) with agriculture contributing to a much smaller portion compared 
to the Mississippi River basin (Howarth, et al., 2002).  These results reaffirm the notion that 
agriculture is an important player in N pollution in the Mississippi River basin, and subsequently, 
the Gulf of Mexico.  But no matter the cause, much of the excess nitrogen that is introduced by 
human processes is ultimately deposited into the ocean and has contributed to an increase in 
coastal eutrophication globally over the past several decades leading to 
widespread hypoxia and anoxia, habitat degradation, alteration of food-web structure, loss of 
biodiversity, and increased frequency, spatial extent, and duration of harmful algal blooms 
(NRC, 2000; Boesch, 2002).   
With the realization of these problems has come the demand for crops and cropping 
systems with better nitrogen-use efficiency (NUE).  The development of crop varieties with 
higher NUE has the ability to increase income for farmers due to more efficient uptake of N by 
the crop and thus reduced fertilizer expenditure.  In the US, corn receives more N inputs than any 
other crop in terms of total application across all acreage.  With approximately 5 million tons 
being applied in 2009, corn was responsible for ~42% of the total N applied for agricultural 
purposes that year (http://www.ers.usda.gov/Data/FertilizerUse/).  Therefore, small changes in 
NUE in corn hybrids would lead to large decreases in total N applied and consequently, 
decreases in N pollution.   
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In order to test a plant‟s NUE, breeders and researchers have identified physiological 
traits that are indicative of a plant‟s overall N stress.  Due to the known link between N 
availability and chlorophyll production in the plant, one common way to do this is to quantify the 
chlorophyll content of the plant.  This is conveniently done with handheld chlorophyll meters, 
also known as single-photon avalanche diode (SPAD) meters, which give an estimate of the 
relative chlorophyll concentration of the area being scanned.  Readings from these meters have 
been reported to have a strong correlation (r = 0.98) with maize leaf absorbance of 
photosynthetically active radiation (Earl and Tollenaar, 1997).  Researchers at CIMMYT (Centro 
Internacional de Mejoramiento de Maíz y Trigo / International Maize and Wheat Improvement 
Center) have also recommended the use of delayed leaf senescence (stay-green) ratings as well 
as the anthesis-silking interval to identify low N tolerance in maize (Bänziger, et al. 2000).  
Boomsma, et al. (2009) also finds the anthesis-silking interval (ASI) to be affected by N stress 
along with other traits such as plant height at V14 and R1. However, identification of these traits 
is not the only important step in breeding for high NUE maize.  We must also understand the 
effects, if any, of heterosis on these traits, and ultimately how these traits are related to yield in 
relation with N availability.  In order to estimate heterosis in this study, the Design III developed 
by Comstock and Robinson (1952) was used.  
Despite the importance of characterizing traits associated with NUE and understanding 
the overall gene action of these traits, this is not the only piece of the puzzle for better NUE 
crops.  It is well known that roots are the plant organs responsible for uptake of soil N as well as 
other nutrients, and therefore, we must try to better understand the complex relationship between 
roots and the soil they are in.  Along with nutrient uptake, roots also provide water and resistance 
to plant lodging, thus, a correlation is often seen between a genotype‟s NUE and its drought 
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tolerance (Bänziger et al., 2002).  The duties of roots are both crucial and diverse, and therefore 
roots are very complex plant organs in every sense of the word.  There are interactions between 
the soil and root epidermis (Wang, 1994) as well as interactions between roots and the organisms 
within the rhizosphere that have an effect on N availability and transport into root cells (Fageria 
and Stone, 2006).  These interactions are important, but not the only characteristic of roots that 
allows them to extract N from the soil.  Above-ground phenotypes that have traditionally been 
associated with N uptake ability are total green leaf area index (LAI) and total above-ground 
biomass.  However, a study done by Ciampitti and Vyn (2011) that tested four commercial 
hybrids under three plant densities (54,000, 79,000, and 104,000 plants ha-1) and three nitrogen 
treatments (0, 165, and 330 kg N ha-1) concluded that these two traits alone do not account for all 
of the variation seen in N uptake (as measured by N content of total above ground biomass) 
between these treatments. Root architecture is also an important aspect of a plant‟s ability to 
uptake N (Fageria and Moreira, 2011).  Despite this importance, there is a relatively small 
amount of research on root system architecture and morphology (especially of mature plants) for 
most crops, including corn.  Moreover, most of the studies that have been conducted have been 
done under controlled conditions in various growth mediums in a greenhouse (Teyker and 
Hobbs, 1992; Costa, et al., 2003; Chun, et al., 2005; Hund, et al., 2008; Hu, et al., 2010), and 
therefore, have limited utility for comparison to field conditions.   
One method of observation under controlled conditions that has shown some promise for 
measuring certain root growth characteristics is the use of the rhizotron (Berntson and 
Woodward, 1992; Smit and Groenwold, 2005; Comin, et al., 2006) and minirhizotron (Karl and 
Doescher, 1991; Berntson and Woodward, 1992; Ao, et al., 2010).  Rhizotrons are thin, 
transparent containers of various sizes that allow for root growth to be observed when the root 
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grows against the transparent walls.  Although this is not truly an unimpeded soil matrix, 
researchers such as Comin, et al., (2006) have found that “despite [the rhizotron‟s] partially 
artiﬁcial nature, [it] proved to be interesting and well-adapted to following the growth of the root 
system.”   Minirhizotrons are essentially clear tubes inserted at an angle into the soil so that their 
base is below the plants being observed.  A minirhizotron allows for root growth to be monitored 
when a root from a plant above the minirhizotron comes into contact with its transparent surface.  
The relative portability of a minirhizotron has allowed some researchers, like Karl and Doescher 
(1991), to utilize it for field studies, however they found it to be a relatively labor intensive 
method, both in the installation and data collection.   Also, this study found that the characteristic 
they were measuring (root counts of grazed versus ungrazed grass rangelands) was highly 
variable with a large experimental error, so it was concluded that more minirhizotrons might 
have to be used.  This would mean additional costs in labor and materials.   
One flaw of either type of rhizotron is that roots are observed only when they reach the 
transparent walls of the container.  This means that the growth has been altered by the 
transparent barrier and any observations made are done on a distorted image of the root.  There 
are methods for converting rhizotron root measurements to a root biomass per unit ground area.  
Several of these were tested by Metcalfe, et al. (2007), who concluded that all current methods 
for quantification of gross root production from rhizotron measurements are likely to have some 
bias.  For these reasons, data collected with this method has limited use for estimating root 
architecture in a three-dimensional soil surface without a physical barrier.   
The lack of field studies can likely be attributed to difficulty in observing adult root 
systems in a field setting as well as obtaining consistent measurements with a minimal amount of 
effort.  This gap in knowledge has led to the realization of the necessity for methods of 
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measuring root architecture quickly and consistently for roots grown under field conditions.  
Historically, methods such as soil cores (Ball-Coelho, et al., 1998; Zhang, et al., 2004) have been 
used to make estimates of root architecture and morphology.   However, these methods require 
large amounts of labor for the extraction of the cores as well as their dissection and 
measurements of roots within them.  Also, any roots from these cores are likely from several 
plants.   
In an effort to improve the ability to describe root architecture, a new image-capturing 
protocol and analysis procedure was developed by Grift et al. (Article in Press).  In this 
procedure, the uppermost root system is excavated using shovels to remove a rough cylinder of 
soil with an approximate radius of 0.3 m and height of 0.46 m equaling a volume of about 0.13 
m3 of soil surrounding each plant removed.  This procedure then estimates root complexity 
through the calculation of fractal dimensions (FD) (Mandelbrot, 1983) of images of washed roots 
obtained from multiple angles.  It appears to the human eye that an image‟s fractal dimension is 
related to the number of branching points a root has in the given image.  Early experiments using 
this procedure have proven the process to be high-throughput and repeatable (Novais et al., 
submitted; unpublished).  In this experiment estimates of root complexity using FD were 
collected from images of roots from 232 RILs from the IBM population that had been dug and 
washed.  Each root that was sampled was imaged 6 times, 2 from the bottom of the root looking 
into the crown at 0 and 180 degrees rotation (referred to as the vertical angle in Novais et al. 
(submitted; unpublished) and 4 from the side of the root at 0, 90, 180, and 270 degrees rotation 
(referred to as the horizontal angle in Novais et al. (submitted; unpublished).  Results from their 
study showed that even though the parents (B73 and Mo17) did not differ significantly in 
average FD score, the IBM population fit a normal distribution with SD = .04.  Heritability 
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estimates for the FD scores were also calculated and proved to be relatively high (         
 =.69 
and            
 =.57). These results indicate that complexity as defined by FD is a trait that is at 
least partially controlled by underlying genetic mechanisms and can be measured accurately and 
with relative ease.   
The overall objective of this study was to evaluate Recombinant Inbred Lines of the IBM 
population and their backcrosses to both parental inbreds for their agronomic performance under 
high and low nitrogen conditions. The specific research objectives were to: 
(1)  Estimate variance components and the average degree of dominance for key 
agronomic traits and determine how varying N levels impact these estimates, 
(2) Determine the relationship between root complexity and agronomic performance 
under varying N levels, and  
(3) Identify QTL associated with the observed traits and determine the effect of N on 
these QTL. 
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MATERIALS AND METHODS 
Plant Materials 
Phenotypic data were collected on 64 RILs from the IBM mapping population which was 
derived from the cross of maize inbreds B73 and Mo17.  This population was inter-mated four 
times at the F2 stage before inbred lines were developed (Lee, et al., 2002).  Inbred B73 belongs 
to the Stiff Stalk Synthetic heterotic pool, whereas Mo17 is a non-Stiff Stalk inbred derived from 
the Lancaster population.  A total of 232 RILs were evaluated for their FD scores in 2007 
(Novais et al., 2011).  For this experiment we selected the RILs with the lowest (N=31) and 
highest (N=33) FD scores.  These two groups will be referred to as RC1 and RC2 respectively in 
this study.  According to a Design III mating scheme (Comstock and Robinson, 1952) all 
selected RILs were backcrossed to both parental inbreds B73 and Mo17 in the Urbana, IL 
summer nurseries of 2008 and 2009. 
 
Experimental Design  
RILs per se and their testcrosses (BCs) were planted in separate but adjacent trials at the 
University of Illinois Research and Education Center in Urbana, IL in 2009 and 2010. For each 
experiment an incomplete block design with three replications was used. Each replicate of the 
RILs contained nine incomplete blocks with nine entries and the BCs had nine incomplete blocks 
with eight entries in 2009 and 12 incomplete blocks with 12 entries in 2010.  The difference in 
BC experiment size between the two years is due to an incomplete population in 2009 attributed 
to seed availability. The experiments were replicated in two environments characterized by low 
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and high nitrogen fertilization. The low N treated fields obtained no nitrogen whereas the high N 
fields obtained approximately 182 kg ha-1 applied before planting.  From here on, the 182 
kg/hectare treatment will be refered to as „N182‟ and the 0 kg/hectare treatment will be refered to 
as „N0‟.  Parental inbreds B73 and Mo17 were used as multiple entries and planted in each 
incomplete block.  In 2009 the N treatments were in separate but adjacent fields, and in 2010 
they were in the same field but separated by eight rows of hybrid buffer.  The field location in 
2009 was less than ¼ mile from the location in 2010.  The 2009 location was established on a 
Elburn silty loam soil and the location in 2010 was established on a Drummer silty clay loam 
soil. In both years each 17.5 ft. plot was over-planted and then thinned to 15 plants or 
approximately 37,000 plants ha-1.  In 2009, double row plots were used with roots being 
harvested from one and ears from the other.  In 2010, due to seed availability issues single row 
plots were used with roots being harvested from the front and ears from the back of the plot. 
 
Phenotypic Data Collection 
 Phenotypic data was collected on 31 traits.  Twelve of these traits were measured in the 
field during the growing season and 19 were measured on the harvested ears.  We refer to these 
two groups of traits as „field traits‟ and „ear traits‟.  The field traits observed were chosen on the 
basis of previous reports linking these traits to stress (Earl and Tollenaar, 1997, Bänziger, et al. 
2000).  A description of the traits can be found in Table 1.1. 
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Phenotypic Data Analysis 
All analyses were conducted using plot means.  Adjusted plot means for each year and 
replicate were calculated for all ear traits.  Analysis was performed based on the model: yijklm = αi 
+ βj + αi* βj + γk(i) + βj* γk(i) + δl(ik) + δm + αi*δm + βj*δm + γk(i)*δm + αi*βj*δm + βj*γk(i)*δm + 
εijklm, where yijklm represents the value of the adjusted plot mean for a given trait, αi is the effect of 
the ith year, βj is the effect of the jth N treatment, αi * βj is the effect of the ith year and the jth N 
treatment interaction, γk(i) is the effect of the kth replicate in the ith year, βj* γk(i) is the effect of 
the jth N treatment and the kth replicate in the ith year interaction, δl(ik) is the effect of the lth 
incomplete block in the kth replicate in the ith year, δm is the effect of the mth pedigree, αi*δm is 
the effect of the ith year and the mth pedigree interaction, βj*δm is the effect of the jth N 
treatment and the mth pedigree interaction, γk(i)*δm is the effect of the kth replicate in the ith year 
and the mth pedigree interaction, αi*βj*δm is the effect of the ith year and the jth N treatment and 
the mth pedigree interaction, βj*γk(i)*δm is the effect of the jth N treatment and the kth replicate in 
the ith year and the mth pedigree interaction, and εijklm represents residual error.  
All anlayses were done using SAS version 9.2 (SAS Institute Inc., Cary, NC).  The 
PROC MIXED procedure was used to obtain adjusted plot means for ear traits as well as for all 
contrasts between traits.  This procedure was then used to perform ANOVA for all traits with βj 
and δm considered fixed and all other variables considered random. Heritabilities were calculated 
seperately for each N treatment using the equation (Hallauer and Miranda, 1988): 
   
  
 
  
  (
   
 
 )     
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Where   
  is the variance of RILs,    
  is the variance of the interaction between the RILs 
and years,   
  is the variance of the error term, e is the number of environments (2), and r is the 
number of reps (3).  The coefficient of correlation matrices were produced using PROC 
FACTOR.   
 
Nitrogen Use Efficiency 
In order to calculate nitrogen use efficiency, average values for YPP were contrasted 
between the two N treatments for all RILs.  This was done to obtain the difference as well as a t-
test of that difference in order to determine if it is different from 0.  RILs that had a significant (P 
< 0.05) t-test were considered to show significant YPP response to the N treatment.  NUE scores 
were calculated using the equation for agronomic efficiency (AE) from Fageria and Baligar 
(2005).   
 
Quantitative Genetics Analysis 
 Design III allows for the calculation of dominance levels and significance as well as 
narrow-sense heritabilities (Comstock and Robinson, 1952).  This was done for only field traits 
as ear data collection for the 2010 backcrosses is still underway.  All calculations were done 
separate for each N treatment so comparisons could be made between the two.  Analysis was 
performed using SAS version 9.2 (SAS Institute Inc., Cary, NC) based on the model: yijklm = αi + 
βj(i) + γk(ij) + δl + αi*δl + δm + αi*δm + δl*δm + αi* δl*δm + εijklm, where yijklm represents the value 
of the adjusted plot mean for a given trait, αi is the effect of the ith year, βj(i) is the effect of the 
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jth replicate in the ith year, γk(ij) is the effect of the kth incomplete block in the jth replicate in the 
ith year, δl is the effect of the lth entry, αi*δl is the effect of the ith year and the lth entry 
interaction, δm is the effect of the mth parent, αi*δm is the effect of the ith year and the mth parent 
interaction, δl*δm is the effect of the lth entry and the mth parent interaction, αi* δl*δm is the effect 
of the ith year, lth entry, and mth parent interaction, and εijklm represents residual error.  All 
variables in this model were considered random and therefore an ANOVA was performed to 
estimate the variances of each variable.  Dominance was considered significant (P < 0.05) based 
on the F-test of the PAR*ENT (δl*δm) interaction in the ANOVA.  The ENT (δl) classification 
variable groups the BC of each RIL to either parent in the same class (e.g. ENT11 = B73xMO098 
and Mo17xMO098).   The PAR (δm) variable is another classification variable that distinguishes 
which parent a given BC was to.  The level of dominance was estimated by the following 
equation; 
                   √
        
 
     
   
Level of dominance values of; <1 would indicate partial dominance, =1 would indicate full 
dominance, and >1 would indicate overdominance.   
Narrow-sense heritabilities for all field traits were also calculated seperately for each N 
treatment so comparisons could be made.  These were calculated using the following equation; 
    
     
 
     
         
  ⁄              
  ⁄         ⁄           
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QTL Analysis 
 The QTL analysis was performed using treatment mean data for each trait and 1167 
polymorphic markers (Coe, et al. 2002).  Analysis was performed as a single marker analysis 
based on the model: yij = αi + βj + αi* βj + εij,  where yij represents the value of the adjusted plot 
mean for a given trait, αi is the effect of the ith N treatment, βj is the effect of the jth marker, αi* 
βj is the effect of the ith N treatment and jth marker interaction, and represents residual error.  
Carrying out the QTL analysis in SAS allowed for us to also test the effects of N and the N by 
marker interaction for each marker.  The resulting p-values were transformed to false discovery 
rate (FDR) criterion q-values using PROC MULTTEST.  The FDR criterion was chosen as a test 
for significant QTL because this procedure has shown to produce few false QTL while 
increasing power of QTL detection in both single and multiple trait QTL mapping experiments 
(Benjamini and Yekutieli, 2005; Gonzalo, et al. 2006).  For this experiment, an FDR q-value of 
.10 was chosen as the threshold of QTL significance.  This means that out of every 1000 markers 
that were declared significant, 100 were done so falsely.  For this reason, confidence in QTL 
with only 1 significant marker in its region is considerably lower than those with several 
significant markers within a short map distance.  All analyses were done in SAS version 9.2 
(SAS Institute Inc., Cary, NC). 
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RESULTS 
Phenotypic Data Analysis 
 Means of parental checks for all 31 traits were compared within both N treatments.  In 
the N182 treatment, parental means for B73 and Mo17 were different (P < 0.05) for 16 out of 31 
traits (Table 1.2) while in the N0 treatment 13 out of 31 trait means were different (P <  0.05) 
(Table 1.3). For both treatments, there were an additional three traits whose differences between 
parents were significant at P < 0.10.  When looking at traits that differed in only one treatment, 
we see that inbreds B73 and Mo17 differed for SG3 (P < 0.05), SG1, dSPAD, and SFL (P < 
0.10) only under N182 conditions and DFF (P < 0.05) only under N0 conditions.  This happened 
for the SG traits primarily because of a greater SG values for Mo17 in the N0 treatment compared 
to the N182 treatment.  B73 also showed an increase in the mean, but not to the degree of Mo17.  
When comparing the means for either parent across N treatments, we see that means for B73 
only differ significantly (P < 0.10) for two traits (SPAD1 and SPAD2) while Mo17 significantly 
differs (P < 0.10) for six traits (SG1, SG3, SGA, ASI, SPAD1, and SPAD2). All treatment means 
for the parents, as well as the differences between them, standard error of the difference and P-
values can be found in Tables 1.4 (B73) and 1.5 (Mo17).  Combined treatment means for the 
RILs were also contrasted to determine which traits showed a significant treatment effect in the 
RIL population.  Seven traits showed a significant difference (P < 0.10) between treatment 
means (SG1, SGA, ASI, SPAD1, SPAD2, SFL, AKW) (Table 1.6).    
Means of RC classes were also compared with one another.  This was done with means 
from across both N treatments as well as within each treatment independently (Table 1.7).  
Means for each treatment within an RC class were also contrasted against each other.  In the 
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comparison of RC class means across both treatments, seven traits (PHT, EHT, DFF, DMF, ASI, 
KPR, AKH) showed differences at P <  0.05 with an additional three (PEB, EKV, AKWT) 
different at P <  0.10.  When the data is further broken down by N treatment we similar results 
are seen, but with slight differences between treatments.  In the N0 treatment, PHT, EHT, DFF, 
DMF, KPR, and AKH are still significantly different between RC classes at P <  0.05, but EKV 
and AKWT also join that group.  In the N0 treatment, ASI has a slightly higher p-value but still 
shows a significant difference between RC classes, along with dSPAD, at P <  0.10.  PEB no 
longer shows a significant difference.  As for the N182 treatment, PHT, EHT, DFF, DMF, and 
KPR still show significant differences between RC classes at P < 0.05, but we also see PEB in 
this group.  ASI remains significant at P <  0.10, but dSPAD, AKH, EKV, and AKWT no longer 
show any significance.  Finally, when looking at comparisons of means between the two N 
treatments within an RC class, we see many similarities.  Both RC classes show significant 
differences between treatments for EHT, SG1, SGA, DMF, ASI, SPAD1, SPAD2, dSPAD, and 
SFL at P <  0.05 and for RPE at at P <  0.10.  SG2 is also significantly different for both RC 
classes, but it is significant at   P <  0.05 for RC1 and at P <  0.10 for RC2.  However, there are 
some distinct differences between the two RC classes when looking at the differences between N 
treatment means for kernel characteristics.  For RC1 we see significant differences between 
treatements for AKW at P <  0.05.  It should also be mentioned that the tests for differences 
between treatmentmeans for the other two kernel dimensions (AKHT and AKL) were highly 
insignificant (p-values of .99 and .76, respectively).  RC2, on the other hand, shows a significant 
difference between treatment means for AKHT at P <  0.05 with AKW being moderately 
insignificant (p-value of .15) and AKL slightly more insignificant (p-value of .38).  RC2 also 
displays a significant difference between treatment means for AKWT at P <  0.10.  
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 The analysis of variance shows significant (P < 0.05) differences between RILs for all 
traits except AKH (Table 1.8).  However, this trait does show a significant year effect.  When the 
ANOVA is performed by year, we see a significant difference between RILs for this trait in both 
years (Table 1.9).  EKV also showed a significant year effect, which may have been influence by 
the significance of AKH as it is partially derived from this measurment.  As for the N treatment 
by pedigree interaction, we see significant differences amongst the RILs for all of the SG traits 
as well as KPR and CBL.  And finally, the year by treatment interaction is significant for all 
traits except dSPAD, RPE, PSF, CBD, and AKW (Table 1.8). 
 Broad-sense heritability (H2) was estimated seperately for either N treatment for all 31 
traits.  In general, heritability was higher in the N0 treatment (mean H
2 = .75)  as opposed to the 
N182 treatment (mean H
2 = .69).  It should be noted, however, that 5 of the 8 traits which had a 
higher heritability of ≥.1 in the N0 treatment opposed to the N182 treatment were traits that were 
known to be indicators of N stress.  The highest heritabilities (>.8) in both treatments were seen 
for PHT, EHT, DFF, SPAD1, RPE, SFL, CBL, and CBD.  Three additional traits, ERD, AKW, 
and AKWT, had heritabilities over .8 in the N0 treatment.  The traits with the lowest heritabilities 
(<.5) were dSPAD and PSF in the N182 treatment, SEPP in the N0 treatment, and AKH was 
common between the two treatments (Table 1.10). 
 Correlation estimates were done seperately for each  N treatment for all 31 traits in order 
to observe how N stress changes these correlations (Table 1.11).  Upon comparison, many 
differences between the N treatments were seen, but there were some specific differences that 
may be of interest.  These include an increased negative correlation between DMF and SG2 as 
well as SGA in the N0 treatment.  The correlation changed from -0.33 (N182) to -0.54 (N0) for 
SG2, and from -.31 (N182) to -.51 (N0) for SGA.  EWT showed an increased positive correlation 
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with ERD and AKL in the N0 treatment.  The correlation changed from 0.48 (N182) to 0.61 (N0) 
for ERD, and from 0.42 (N182) to 0.57 (N0) for AKL.  Similarly, YPP showed an increased 
positive correlation with ERD in the N0 treatment which changed from 0.39 (N182) to 0.53 (N0).  
EKV shows an interesting change in correlation between treatments with the components from 
which it is derived.  In the N182 treatment, this trait has a relatively strong positive correlation 
with both AKW (0.57) and AKH(0.66).  In the N0 treatment this changes to just a strong 
correlation with only AKH (0.79).  There were several other changes, large or otherwise, that can 
be seen in the complete correlation matrix available in Table 1.11.  No correlations >0.5 or <-0.5 
were observed between field traits and ear traits. 
 This changes when we further split the data set by root complexity class (RC1 and RC2) 
to do separate correlations analysis.  This is done in order to compare between the RC classes 
within an N treatment.  When the data is broken down to these classes, we see a relatively stong 
positive correlation only in N182 and RC1 between PHT and EWT (0.53), CWT(0.56), and YPP 
(0.56).  A similar pattern emerges with EHT and the same three variables with correlations of 
0.52, 0.51, and 0.56 respectively.  Also, we see a couple relatively strong negative correlations 
only in N0 and RC2.  These include stronger negative correlations between CBL and SG1 (-
0.55), SG2 (-0.52), and SGA (-0.51), as well as between DFF and YPP (-0.51).  Along with these 
correlations across trait sets, there were several other changes between RC class within a given 
treatment within a trait set (i.e. field traits) that can be seen in Table 1.12.  Overall, these changes 
in correlations between traits indicate that RC class as defined by FD does indeed have an effect 
on other above-ground plant traits.  Furthermore, this effect can change according to N 
availability. 
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Nitrogen Use Efficiency 
 The t-test concluded that five RILs showed significant (<0.05) yield differences between 
the N treatments.  These RILs did not categorize into only one RC class.  Three of the significant 
RILs (MO161, MO162, and MO364) were classified as RC2 and two (MO284 and MO309) 
were classified as RC1.  The NUE estimates for each RIL were also calculated, although only the 
five significant RILs can be considered reliable estimates.  The NUE estimates for the five 
significant RILs ranged from .173 to .244 gyield plant
-1 kgN
-1.  NUE estimates for all RILs and 
their t-test can be seen in Table 1.13. 
 
Quantitative Genetics Analysis 
 The use of the Design III experimental design allowed the calculation of dominance level 
and significance as well as narrow-sense heritabilities for the field traits.  Significant dominance 
was seen in four traits (PHT, EHT, DFF, and ASI) in the N0 treatment and one (PHT) in the N182 
treatment.  In the N0 treatment, overdominance was observed for ASI and incomplete dominance 
was seen for DFF, EHT, and PHT.  This is quite a contrast to the N182 treatment which showed 
PHT to be exhibiting overdominance.  These results indicate that dominance significance as well 
as level can be effected by N availability. 
 Narrow-sense heritability (h2) estimates were obtained for all field traits for each N 
treatment independently.  Overall, we see higher h2 estimates for the N182 treatment (mean h
2 = 
.72) compared to the N0 treatment (mean h
2 = .60).  Six traits (EHT, SG1, SG3, ASI, SPAD2, 
and dSPAD) in the N182 treatment showed a higher h
2 of 0.1 or more compared to the N0 
20 
 
treatment.  This was only true for one trait, DMF, when comparing the N0 treatment to the N182 
treatment.  Variance components, dominance levels, and significance for all field traits can be 
found in Table 1.14 for the N182 treatment and Table 1.15 for the N0 treatment. 
 
QTL Analysis 
 In total, 556 QTL were identified across 26 traits.  Five traits (EPP, SEPP, PEB, PSF, and 
AKW) showed no QTL.  Across all 26 of the other traits, QTL were mapped in all but eight 
BINs in the maize genome (1.00, 4.00, 4.02, 5.07, 5.09, 7.06, 8.00, 9.00).  Also, ten BINs 
showed QTL for ≥50% of the traits (1.07, 1.09, 2.04, 2.09, 3.02, 4.08, 4.09, 6.00, 6.07, 10.06).  
In these ten BINs, QTL were fairly evenly distributed between field and ear traits for any given 
BIN.  Overall, the field traits had QTL in more BINs than the ear traits with an average of 
approximately 43 BINs with QTL per trait for the field traits compared to approximately 14 
BINs with QTL per trait for ear traits.  In fact, eleven BINs contained QTL for ≥75% of the field 
traits (1.03, 1.05, 1.06, 1.07, 2.09, 4.01, 6.07, 7.02, 9.03, 9.05, 10.02).  Ear traits did not 
segregate to certain BINs in as great of proportions as did the field traits, but still five BINs had 
QTL for ≥ 50% of the ear traits (1.07, 3.02, 4.09, 6.04, 6.07).  As for the traits with the most 
BINs containing QTL, there were six that had QTL in ≥50% of the BINs (SPAD1, SPAD2, 
DMF, SG1, SG2, and SG3).  All QTL with all significant markers and their FDR adjusted level 
of significance (*P < 0.1, **P < 0.05, ***P < 0.01) can be seen for each chromosome in Tables 
1.16 – 1.25.   
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DISCUSSION 
Phenotypic Data Analysis 
Means  
 The comparison of trait means for parental inbreds B73 and Mo17 showed a high 
proportion of traits with significant (P < 0.10) differences in both N treatments.  We hypothesize 
that this may indicate a good diversity of alleles for the genes contolling these traits in the IBM 
RILs.  When comparing trait means between N treatments for each parental line individually, we 
also see indicators that these parents differ in their response to N deficiency.  The inbred B73 
only showed significant (P < 0.10) changes in two traits between the N treatments while the 
inbred Mo17 showed significant (P < 0.10) changes in six.  Inbred B73 only showed a significant 
(P < .05) decrease in SPAD1 and SPAD2 from N180 to N0. Inbred Mo17 exhibited several more 
differences with significant increases in ASI and SGA at P < 0.05 from N180 to N0.  At P < 0.10, 
Mo17 also displayed increases in SG1 and SG3 and decreases in SPAD1 and SPAD2 from N180 
to N0.  The significant treatment effects are slightly more numerous in the RIL population with 
seven traits showing a significant difference (P < 0.10) between N182 to N0.  We observed 
significant increases in SPAD1, SPAD2, and ASI at P < 0.05, as well as significant decreases in 
SGA at P < 0.05 and SG1, SFL, and AKW at P < 0.10 from N180 to N0.  Six of these traits (SG1, 
SGA, ASI, SPAD1, SPAD2, and SFL) are considered traits that indicate N stress (Dwyer, 1995; 
Bänziger, 1997; Monneveux et al., 2004; Ding, et al., 2005), but AKW does not fit this 
description.  It is possible that AKW is only an indicator of N stress in the IBM population, but it 
is interesting nonetheless that this trait is affected by N availability.  It is acknowledged that 
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AKW is actually a derived measurement in this study, so it is likely that this treatment effect is 
actually due to changes in several other traits that influence AKW like RPE, CBD, ERD, etc.   
One of the purposes for this study was to determine the effect of root complexity on 
above ground phenotypes.  Comparisons of means using data from both N treatments combined 
indicates that differences in root complexity do indeed translate to differences in above-ground 
phenotypes.  When comparing these means, we see significant (P < 0.10) differences between 
the RC classes for 10 traits.  The data shows that on average, genotypes that were classified as 
RC2 are significantly (P < 0.05) taller than their RC1 counterparts. RC2 also showed 
significantly higher values for EHT, DFF, DMF, AKHT at P < 0.05 and PEB, EKV, AKWT at P 
< 0.10 compared to RC1.  On the other hand, RC1 exhibited significantly (P < 0.05) higher 
values for KPR compared to RC2.   
When comparing RC class means within N182 and N0 treatments seperately, we see many 
of the same traits showing significant differences as in the combined analysis.  In both 
treatments, RC2 has significantly higher values for PHT, EHT, DFF, and DMF at  P < 0.05.  
RC2 genotypes also tended to have significantly (P < 0.10) higher values for ASI in both 
treatments although the change in ASI between N182 and N0 was the same for both RC classes 
(~0.5 days).  We also still see in both N treatments that RC1 has significantly (P < .05) higher 
values for KPR compared to RC2.  This is an interesting result because KPR is related to total 
kernel number per plant, a phenotype that was shown to be a function of crop growth rate during 
a roughly 30 day period that brackets silking (Otegui and Andrade, 2000; Maddonni and Otegui, 
2004; Lee and Tollenaar, 2007).  The relationship between kernel number and plant growth rate 
at silking can likely be attributed to the at least partial control of stress induced kernel abortion 
by assimilate flux to reproductive structures at flowering (Boyle, et al., 1991; Schussler and 
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Westgate; 1991).  Therefore, this result might suggest that plants with a lower root complexity 
(FD) have a higher rate of growth during that 30 day period. This hypothesis also agrees with the 
observation that there is a larger difference for KPR between RC classes in the N0 treatment.  
However, this hypothesis is uncertain because it is also possible that the correlation between 
KPR and RC is specific to the IBM population.  It also should be noted that the planting density 
for this experiment was very low compared to those that would be seen in a production 
environment.  This was done in order to ensure that roots dug from this experiment for uses in 
parallel research would not be intertwined with neighboring plants.  Intertwined roots sometimes 
break during the removal/cleaning process leading to the potential of increase experimental error.  
However, these low densities also reduced the amount of N stress each plant would encounter.  
For this reason, it is hypothesized that we would see larger differences between RC classes for 
other traits such as YPP that were not significant in this study if corn that is grown at production 
planting densities is measured.   
The other traits that showed significant differences in the combined analysis of both N 
treatments are actually only significantly different in one of the treatments.  Genotypes 
characterized as RC2 had on average significantly (P < 0.05) higher values for AKHT, EKV, and 
AKWT only in the N0 treatment.  Also, RC2 only shows a significantly (P < 0.05) higher value 
for PEB compared to RC1 only in the N182 treatment.  This somewhat surprising result is due to a 
rise in PEB under the N182 treatment compared to the N0 treatment for RC2 while RC1 showed a 
drop in PEB from N182 to N0.  The individual analysis of the N0 treatment data also showed a 
significant (P < 0.10) difference between RC classes for dSPAD, which is a trait that did not 
show up as being significantly different between RC classes in the combined analysis.  For this 
trait, RC2 was significantly (P < 0.10) higher than RC1, which can be interpreted as meaning 
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that genotypes in RC2 have a greater change in leaf N between the two testing time points when 
under N stress.  It is likely that this could be related to the rate of N remobilization to the ear.  It 
was reported by Uhart and Andrade (1995) as well as Echarte et al. (2008) that N deficiency 
before and/or during the 30 day period bracketing silking increases N remobilization 
subsequently decreasing leaf chlorophyll content.  Therefore, it is a possible hypothesis that we 
observed an increased change in leaf chlorophyll content in RC2 compared to RC1 due to an 
increased N deficiency in the plant.   This hypothesis also agrees with the earlier discussed 
results of KPR being significantly higher in RC1 genotypes compared to RC2 genotypes which 
is a possible indication of a higher growth rate in the 30 day period bracketing silking (Otegui 
and Andrade, 2000; Maddonni and Otegui, 2004; Lee and Tollenaar, 2007).  These two 
hypotheses together suggest that genotypes in RC1 are in general less N stressed and have a 
higher rate of growth compared to RC2 during the 30 day period surrounding silking.  Future 
work must be done to determine if this hypothesis holds true across other populations besides the 
IBM RILs, as well as how hybrid performance relates to inbred performance regarding these 
traits.  
The results from our study indicate that root complexity as measured by fractal 
dimensions does in fact have an influence on above-ground plant traits.  Furthermore, it appears 
that the influence of root complexity on these traits is also influenced by N availability.  Another 
interesting result was obtained from the comparison of trait means within a root complexity class 
across N treatments.  Although with varying levels of significance, we see essentially the same 
traits being affected by the N treatment in both RC classes: EHT, SG1, SG2, SGA, DMF, ASI, 
SPAD1, SPAD2, dSPAD; this is true with the exception of traits associated with kernels.  For 
RC1 genotypes, we see a significant (P < 0.05) decrease in AKW for N0 compared to N182, while 
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in RC2, we see a significant increase in AKHT (P < 0.05)  and AKWT (P < 0.10) for N0 
compared to N182.  At this point, the link between RC class and these kernel characteristics is not 
apparent.  The fact that N stress affected different kernel traits based upon root complexity class 
may have to do with underlying genetic mechanisms controlling these traits, or it may just be a 
consequence of differences in nutrient uptake.  Further work is needed to determine the reasons 
for these differences between root complexity classes and their interaction with N stress. 
Variance Component and Correlation Estimates  
We observed  in this study that heritability estimates for the N0 treatment were higher 
than those for the N182 treatment.  This was mainly due to an increase in heritability (≥ .1) for 
eight traits in the N0 treatment compared to the N182 treatment.  Five of these (SG1, SG2, SGA, 
DMF, and dSPAD) were field traits whose change in heritability was mainly due to a rise in   
 .   
This increase in   
  may seem out of the ordinary because it is commonly thought that in general 
  
  decreases under stress conditions.  However, a study on the genetic variation of NUE by 
Bertin and Gallais (2000) showed that it is not that straight forward.  This research showed a 
decrease in   
  in one year followed by an increase in the next.  Furthermore, a study by Presterl 
et al. (2003) reviewed 21 field experiments conducted at high N and low N levels performed in 
Europe.  Of the 21 experiments reviewed, 15 showed a higher   
  for relative grain yield under 
low N conditions compared to high N.  As a result, it seems that any change in   
  under N stress 
and the direction of that change depends on the materials being evaluated and perhaps the 
severity of the stress.  The causes of the rise in heritability for the remaining three ear traits were 
a decrease in    
  for ERD and subsequently ERC, and a decrease in   
  for AKW.  Contrary to 
previous reports such as Rosielle and Hamblin (1981) and Bänziger and Lafitte (1997) we 
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observed no significant change in heritability for YPP between N182 and N0 opposed to the drop 
in heritability from high to low fertility documented by those studies.  This difference is 
significant when considering how to breed for better N stress tolerance in maize.  A drop in 
heritability for yield under N stress conditions would indicate that a better strategy may be to 
breed for N stress tolerance under normal conditions if phenotypic and genotypic correlations 
between N treatments are high.  However, if there is no change in heritability for yield, then it is 
the obvious choice to breed for N stress tolerance under low N conditions.  
 Phenotypic correlations between traits were also observed to change with respect to N 
treatment.  Some of these changes were similar to previous reports.  In this study we observed a 
stronger negative correlation between ASI and YPP in the N0 treatment (r = -0.40) compared to 
the N182 treatment, although not as strong as previously reported in Zaidi et al. (2003, r = -0.58) 
but similar to Bänziger and Lafitte (1997, r = -0.42).  Also similarly to Bänziger and Lafitte 
(1997), we observed only modest positive correlations between leaf chlorophyll content (SPAD) 
and YPP. It should be noted that Balko and Russell (1980) found greater differences in yield 
response to nitrogen among hybrids compared to among inbreds.  Therefore, it is possible that 
we may see increased variation between genotypes for YPP in our BC population. If this is true, 
further analysis with data from this population could show stronger correlations between YPP 
and other traits.   
But perhaps more interestingly, there were several observed changes in trait correlations 
with respect to root complexity class.  We postulate that these changes in trait correlation 
between RC classes along with the observed differences in means between RC classes both 
within and between N treatments indicate a need for further investigation to determine the 
genetic mechanisms controlling root complexity and how these mechanisms are affected by 
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environmental stimuli.  There are several hypotheses that must be tested in order to determine the 
reasons for the observed correlation changes.  It is possible that we see pleiotropic effects from 
genes that influence both root complexity and the plant traits for which we observed differences 
in correlation between root complexity classes.  It is also likely that the genes and pathways that 
control these traits share regulatory factors.  In addition, it may be possible that the observed 
differences are due to a change in water and nutrient availability and subsequent uptake 
influenced by root complexity. 
 
Nitrogen Use Efficiency 
In order to better understand the genetic basis of our results, we need to be able to 
differentiate the genetic bases of the different aspects of NUE.  When we know specific QTL 
that control the different aspects of NUE, we can compare these with QTL controlling other 
traits.  Co-location of QTL for aspects of NUE and other traits may indicate similarity in their 
genetic basis.   
In terms of actual biological processes, NUE can mean many different things.  In fact, 
there are a number of equations used to estimate different aspects of NUE.  Several of these 
equations are reviewed by Fageria and Baligar (2005) with some of the same as well as 
additional equations covered in Ciampitti and Vyn (2011) and Gallais and Coque (2005).  In the 
context of this study, NUE was thought of as the change in total grain yield between two 
different N treatments divided by the change in applied nitrogen fertilizer.  This is the same as 
the equation for NUE used in Ciampitti and Vyn (2011).  This equation is called agronomic 
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efficiency (AE) by Fageria and Baligar (2005).  For reasons of differentiation between the 
different aspects of NUE, their nomenclature was adopted in this study.  
           
                     
                  
 
However, AE does not consider vegetative tissue and therefore is not necessarily a good estimate 
of overall physiological efficiency (PE) (Fageria and Baligar, 2005).    
    
                       
                  
 
A plant‟s AE depends upon two separate processes in plant N use; N partitioning within 
the plant and N uptake.  Nitrogen utilization efficiency (NUtE) is a parameter that takes both of 
these processes into account.  This parameter is calculated as the ratio of grain yield to total N 
uptake (Gallais and Coque, 2005). 
     
           
        
  
The total N uptake is estimated by measuring the amount of N in dried whole plant tissue 
samples of a given weight using the Kjeldahl method (Bremner, 1960) and extrapolating that 
average to account for the total dried tissue of the plant in question.  It has been shown in Worku 
et al. (2007) that NUtE shows a strong relationship with grain yield even under low N conditions.  
But, since NUtE is measuring both N uptake and partitioning, we must look closer at these 
components to determine the contribution of these two processes. 
N partitioning denotes the „decision‟ a plant makes regarding type of tissue (i.e. grain vs. 
vegetative biomass) produced with N once it is in the plant (i.e. grain or vegetative biomass).  
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Ciampitti and Vyn (2011) give examples of equations often used to quantify N partitioning.  The 
first of these calculates nitrogen internal efficiency (NIE) by first calculating the difference in 
grain yield between a fertilized (GYf) and an unfertilized (GYu) plot and dividing that by the 
difference in total N uptake between fertilized (Nuptf) and unfertilized (Nuptu) plots.   
     
       
           
 
Another common equation reported by Ciampitti and Vyn (2011) that is used to quantify 
N partitioning is the nitrogen harvest index (NHI), i.e., the percentage of the total plant N in the 
grain.  This is calculated by dividing the total N in grain by the total N in grain plus the rest of 
the plant. 
    
      
              
  
The Worku et al. (2007) study found that NHI has a moderate positive correlation with 
grain yield across N treatments and environments, so it appears that this is an important 
contributor to overall NUE.  However, research performed by Hernandez-Ramirez (2011) 
showed this parameter to only explain 28% of the difference between their highest and lowest 
NutE across N treatments, while N uptake explained 72%.  These results led to the conclusion 
that N uptake is a larger contributor to NUtE and NHI is more related to species and genotype 
than environment.  Since we know that NUtE is highly correlated with yield across 
environments, N uptake may be the better trait to select for in order to increase NUtE across a 
range of environments. 
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N uptake as a physiological process refers to the active process of N being brought into 
the plant by the roots.  The ability for a given genotype to uptake N is often estimated in field 
trials using the percent recovery of N into the plant from fertilizer.  This is called apparent 
recovery efficiency (ARE) by Fageria and Baligar (2005) or nitrogen recovery efficiency (NRE) 
by Ciampitti and Vyn (2011) and is calculated by first estimating the total amount of N in a plant 
or plants from a given genotype harvested from both N fertilized and non-fertilized fields using 
the Kjeldahl method (Bremner, 1960).  The estimated total N from the unfertilized plot (Nu) is 
then subtracted from that of the fertilized plot (Nf) and the difference is divided by the rate at 
which N was applied (Na).  Finally this number is multiplied by 100% to give you the 
NRE/ARE. 
            
     
  
      
As stated before, ARE is only an estimate of the true ability of a given genotype to uptake 
fertilizer N for a couple reasons.  First, it is unknown how much N is lost through leaching, run-
off, volatilization, etc.  Second, ARE measures the percent of fertilizer N taken up by the crop 
but does not take into account N that was already present in the soil.  For this reason, ARE may 
actually be a biased estimate of uptake ability that penalizes genotypes with better uptake in low 
N conditions.  For example, if two genotypes have the same N uptake in fertilized conditions, but 
differ in unfertilized conditions, the genotype with the lower N uptake in unfertilized conditions 
would actually have the higher ARE.  In this sense, this statistic may unfairly penalize genotypes 
that are efficient in N uptake even in low N environments when the truly best NUE genotype 
would perform well under low N conditions and have a strong response of added grain yield to 
supplemental N fertilizer. 
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 On a smaller scale, N uptake can be measured directly using radioactive 13NO3 as shown 
in Liu, et al. (2009).  In this study, researchers were able to measure how uptake rate changes 
over time when roots are moved from an N deprived to an N supplied state.  This was done by 
taking N starved seedlings and then introducing them to a non-radioactive N medium for a 
period of time ranging from 0 to 24 hours.  After a given treatment‟s set time in the non-
radioactive NO3 solution, it was moved to the radioactive solution for 10 minutes.  After this 
time, it was moved back to a non-radioactive NO3 for 2 minutes to desorb any free 
13NO3 before 
samples of the root are measured for tracer accumulation using a gamma counter. Also, transcript 
levels for three nitrate transporters and one regulatory gene were measured from root samples for 
each time treatment in order to determine if expression patterns had any correlation with N 
uptake rate. 
 In Liu, et al. (2009), this procedure was used to determine N uptake rates for two lines 
that had previously been classified as low NUE and high NUE respectively.  The analysis of this 
data showed the high NUE line to actually have a lower net N uptake rate due to a decline in N 
uptake after 4 hours.  Expression levels for the four genes that were assayed seemed to closely 
mirror this pattern with transcript levels of the high NUE line dropping off after 4 hours or so 
while levels from the low NUE line stayed fairly consistently high.  These seemingly 
counterintuitive results may be explained by the dry root weight data from these two lines.  It 
was found that the high NUE line had a higher dry root weight in both low and high N 
environments as well as having a larger positive response in root growth to the low N 
environment.  This line was also found to yield better in both low and high N environments.  
From this data, the authors came to the conclusion that NUE may not be dependent upon a 
plant‟s ability to uptake N on a per cell basis, but more so dependent upon the plant‟s root size 
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and architecture as well as the plant‟s ability to recognize N deficiency and respond with 
increased root growth.   
As for root complexity, our results showed no strong relationship between NUE and RC 
class, although this does not necessarily mean that root complexity has no impact on NUE.  It is 
more likely that NUE is a highly complex trait with multiple mechanisms of N metabolism and 
uptake influencing it.  In fact, the interaction between RC and environmental stimuli such as N 
deficiency may be more important than a genotypes RC at normal N levels.  There is good 
evidence that NUE is indeed related to root architecture.  A simulation study by Hammer et al. 
(2009) on a set of maize hybrids released by Pioneer since 1930 (ERA hybrids) found that it is 
likely that historical trends in yield increase are more associated with root architecture than leaf 
architecture.  Moreover, in this study the researchers postulated that the increase in yield is not 
solely due to an increase in root angle and subsequently root depth, but also due to increased soil 
exploration in deeper soil layers.  This hypothesis is supported by results from a study performed 
by O‟Neill, et al. (2004) on ERA hybrids released from the late 1980s through the late 1990s.  
Although they did not find an increase in NUE in hybrids across this time period, this study did 
show a significant effect of hybrid release era on N uptake.  Even though the release of these 
hybrids occurred across a period of little more than a decade, it is possible that this increase in N 
uptake ability is related to the Hammer et al. (2009) hypothesis that increases in historical yield 
trends have been partially/mostly reliant on root architecture and increased soil exploration in 
deeper soil layers and possibly greater N uptake.  Future work must determine if this is true.  If it 
does, a logical hypothesis may be that root complexity has an influence on a plant‟s ability to 
increase soil exploration and uptake N.   This hypothesis may be tested by characterizing root 
complexity for the ERA hybrids across several N treatments and, if a protocol can be developed, 
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at several soil depths, and then relating these measurements to N uptake.  Another important 
result to be taken from this proposed study is the interaction between root complexity and N 
treatment.  Preliminary results from a study by Vyn et al. (unpublished) have shown root 
complexity for two hybrids to significantly interact with plant density and N level.  
Understanding these interactions is key in determining the relationship between root complexity 
and NUE. 
N uptake and partitioning are two plant mechanisms that undoubtedly interact within the 
plant to deliver N to its appropriate sink, but there is also the matter of how efficiently the plant 
is able to use that N to create cellular components and ultimately new tissue.  This last piece of 
the puzzle is surely highly complex, but together, N uptake, partitioning, and efficiency of use 
for tissue production are the three components of NUE.  Ultimately, greater NUE amd lower N 
pollution will be accomplished by research in all three of these areas.  Research must be done to 
identify QTL and hopefully genes involved in the many aspects of NUE (i.e. AE, PE, NIE, NHI, 
and NRE/ARE) as well as characterization of these traits in a range of germplasm and under a 
range of conditions.  This could lead to a better understanding of how the different aspects of 
NUE interact and how they are controlled. 
 
Quantitative Genetics Analysis   
The effect of heterosis on traits associated with NUE is important to understand so that 
any positive effects can be exploited during hybrid development.  The popular hypotheses for the 
causes of heterosis continue to be dominance, overdominance, and epistasis (Lamkey and 
Edwards, 1999). Therefore, in order to begin to elucidate the genetic basis of heterosis in any 
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trait, we must first be able to estimate the effects of dominance and epistasis.  According to 
Kusterer et al. (2007), the Design III and triple testcross (TTC) design are best for this task of 
estimating dominance in the presence of epistasis.  According to their study, these designs give 
estimates of augmented dominance (from Melchinger et al., unpublished) which is the effect of 
dominance as well as the sum of the a*a epistatic effects contributing to heterosis in a given 
genetic background.  It has also been suggested by Kearsey et al. (2003) that the use of inbred 
lines would be an improvement over the traditional use of F2 plants or F3 lines used as parents in 
these designs.  The use of homozygous parents helps to maximize genetic variance, increase the 
power of F-tests, and decrease standard errors of variance components and dominance 
(Melchinger, et al., unpublished).  Furthermore, the use of RILs allows fine mapping of genes 
due to a greatly reduced degree of linkage disequilibrium compared to populations of F2 
individuals or doubled-haploid derived lines (Kusterer, et al., 2007).   
These designs can help lead to a better understanding of how gene action influences traits 
related to NUE, which ultimately will aid in the effort for breeding for crops with better NUE. In 
this study we observed significant dominance effects for PHT, EHT, DFF, and ASI in the N0 
treatment and PHT in the N182 treatment.  An increased role of dominance in low N 
environments may be beneficial to maize breeders.  This can be exploited in maize because of 
the hybrid production system used in modern maize agriculture.  Increased dominance means 
that a breeder is able to breed inbred lines that are elite for only some of the traits he/she desires 
and cross that with a line that is elite for a complementary set of traits.  If these traits show 
dominance, the hybrid should show these elite characteristics for all traits considered.  On the 
other hand, traits that are influenced by mostly additive gene action require improvement of both 
lines in a hybrid cross.    
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According to our results, N availability may play an influencing role on the gene action 
affecting traits associated with NUE as can be seen by the changes in the level of dominance for 
PHT from overdominance in N182 to partial dominance in N0.  In further research, if this result is 
seen in other traits, another level of complexity may be added to the process of breeding crops 
with improved NUE due to the possibility of variable gene action influenced by the environment.  
This only emphasizes the importance of understanding how these traits are controlled, how that 
control is influenced, and ultimately, how these traits influence yield. 
 
QTL Analysis 
The QTL analysis executed in this study utilized methods similar to those of Gonzalo et 
al. (2006) for testing introgression(marker)×treatment interactions.  In Gonzalo et al. (2006), the 
researchers used a mixed model approach to test the effect of the interaction between different 
Tx303 introgressions into a B73 background and plant density.  Similar to this, in our study we 
used a mixed model in order to test the effect of the interaction between N treatment and every 
marker.  Prior to this method, testing the significance of interactions between experimental 
treatments and specific loci was not possible.  Earlier attempts at identifying these interactions 
did so by performing separate QTL analyses for different experimental treatments and overlaying 
the resulting maps. From this, they would deduce that QTL that were present in one map, but 
absent in others showed an interaction.  However, this method does not allow for a statistical test 
on the interaction between QTL and treatment, and therefore is a less desirable method for these 
type of QTL studies compared to Gonzalo et al. (2006).  According to our analysis, no markers 
showed a significant interaction with the N treatment.  However, for many of our field traits 
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(SPAD1, SPAD2, dSPAD, DMF, SG1, SG2, SG3, and SGA) we observed a significant (P < 
0.05) N effect on the majority of the markers.  In fact, the average FDR adjusted significance 
across the genome for those traits was < 0.05.  We also saw average genome FDR scores for ASI 
(~0.21) and YPP (~0.15) that were not quite significant, but fairly low nonetheless.  These results 
suggest that for these traits, there is no specific marker×treatment interaction, but instead N stress 
has an overall effect on the entire genome. 
As for the main marker effects, in some cases multiple markers were significant in a 
rather large region with no substantial gaps of 50 cM in between significant markers.  In these 
cases, it is likely that the reported QTL arise from the effects of several closely linked QTL.  
During analysis, a significant marker was decided to be part of a new unique QTL region if it 
was more than 50cM away from the previous significant marker.  This range was chosen because 
it was the point at which we could say with high confidence that a marker that tested significant 
was unlinked with the marker associated with a previous QTL.  It was necessary to take such a 
conservative approach because for some traits, significant markers occurred at regular intervals 
for at times ~200cM of map distance.  Some of these stretches showed no apparent peaks or 
valleys in the FDR q-values that would indicate where one QTL may end and the other begins.  
In a couple instances, these peaks and valleys did appear, and in these cases, if two significant 
markers were more than 45cM away, they were considered separate QTL. 
 Many traits shared common BINs for QTL.  The BINs with the highest proportion of 
traits with at least one QTL are 1.07 (17 of 26 traits), 2.09 (16 of 26 traits), 3.02 (16 of 26 traits), 
and 6.07 (17 of 26 traits).  Using a QTL BIN search on www.MaizeGDB.org we found these 
BINs to collocate with several previously identified QTL for agronomic traits.  BIN 1.07 had 
QTL reported for kernel row length, 300 kernel weight, CBD, kernel protein content, ASI, ERD, 
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EPP, DMF, and DFF.  BIN 2.09 showed co-locations with QTL for grain yield, DMF, and leaf 
number, while BIN 3.02 showed co-locations for kernel protein content, kernel starch content, 
and AKL.  Lastly, BIN 6.07 showed co-locations with QTL for stay green, PHT, kernel protein 
content, ERD, and EHT.  There are also several BINs in our study that contain high proportions 
of collocated QTL from either field traits or ear traits.  When looking at only field traits, BINs 
1.06 and 9.03 contained QTL for 11 of 12 traits.  BIN 1.06 collocated with previously reported 
QTL for ERL, DMF, leaf number, PHT, and CBD while BIN 9.03 collocated with previously 
reported QTL for DFF, ERC, grain yield, ERL, PHT, EHT, AKL as well as 100, 300, and 1000 
kernel weight.  As for ear traits, the most popular BINs were 3.02 (9 of 16 traits, also one of most 
popular BINs overall) and 6.04 (10 of 16 traits).  The BIN 6.04 collocated with previously 
reported QTL for ERD, RPE, and PHT.  Even though a single BIN contains multiple genes, it 
seems that these co-locations can at least point us in the right direction for future research.  These 
regions in the genome that contain QTL for large proportions of the tested traits are prime 
candidates for further work in gene discovery, especially for genes associated with overall plant 
growth and N metabolism.  A deeper understanding of the genes behind these QTL is crucial for 
progress in understanding NUE.  Although it is likely that QTLs for these diverse traits found in 
the same BIN are actually different genes, it is possible that some overlapping QTL are due to 
effects of the same gene.  Identifying genes with pleiotropic effects, especially on N stress 
management/NUE, would be another invaluable tool that could be used in breeding for improved 
NUE. 
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CONCLUSION 
 In conclusion, we have seen that differences in root complexity do indeed have an effect 
on above-ground plant phenotypes.  These differences in above-ground phenotypes have been 
associated by some studies with differences in plant N deficiency and growth rate in the 30-day 
period surrounding silking (Uhart and Andrade, 1995; Otegui and Andrade, 2000; Maddonni and 
Otegui, 2004; Lee and Tollenaar, 2007; Echarte et al., 2008).  Further research must be 
conducted to determine specific mechanisms by which root complexity affects these traits.  We 
must also determine if observed differences in trait measurements and response to N are due to 
shared genetic control, effects of differential nutrient uptake, or possibly both.  It is also 
important to look at root complexity, characterized by FD, outside of the IBM population.  The 
Pioneer ERA hybrids used in Hammer et al. (2009) may be prime candidates for further work.  
Experiments with these materials may be able to determine if and how root complexity has 
changed over the course or modern plant breeding.  If a protocol is available, characterization of 
root complexity at various depths may also provide some interesting results and may be able to 
test the hypotheses by Hammer et al. (2009) that historical yield trends are related to root 
architecture and deep soil exploration by roots.  Another interesting aspect of root complexity 
that deserves further study is the interaction between root complexity and N availability, water 
availability, and plant density.  These interactions may prove to be highly significant and could 
greatly improve our understanding of the changes in root complexity.  Finally, the determination 
of QTL for above-ground plant traits as well as QTL for the different aspects of NUE may lead 
to informative co-locations.  These co-location are good indicators for regions of the maize 
genome to be further studied and fine mapped in order to elucidate genes associated with N 
metabolism.  Increased knowledge of the genes involved in a plant‟s NUE along with further 
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work using designs like TTC or the Design III will help to determine gene action for these traits 
and may prove invaluable for marker-assisted breeding. 
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TABLES AND FIGURES 
Figure 1.1 Diagram of kernel measurements 
 
 
 
 
 
 
AKW 
AKH 
AKL 
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Table 1.1 All 31 measured phenotypes with their abbreviations, units, and description 
(alphabetical order) 
Trait Abb.  Unit Description 
Anthesis-
Silking 
Interval 
ASI days 
Calculated by subtracting DFF from DMF for 
each plot. 
Average 
Kernel 
Height 
AKH millimeters 
Estimated by taking the seed fill length divided 
by the kernels per row.  This was done for each 
primary ear from a given plot. 
Average 
Kernel 
Length 
AKL millimeters 
Estimated by subtracting the cob width from the 
ear width.  This was done for each primary ear 
from a given plot. 
Average 
Kernel 
Weight 
AKWT grams 
Calculated in grams by first measuring the 
weight of 100 kernels for each primary ear of a 
plot.  In some rare instances, 100 kernels were 
not available.  In such cases, as many kernels as 
possible were weighed and the number of 
kernels was recorded.  The average kernel 
weight was then calculated by taking the 100 
kernel weight (or however many kernels were 
available for a given ear) and dividing it by the 
number of kernels weighed (100 in most cases). 
Average 
Kernel Width 
AKW millimeters 
Estimated by taking the ear circumference 
divided by the rows per ear.  This was done for 
each primary ear from a given plot. 
Cob 
Diameter 
CBD millimeters 
The width of the shelled cob at the midpoint of 
the cob. This was done for each primary ear 
from a given plot.  
Cob Length CBL millimeters 
The total length of the cob in millimeters from 
base to tip.  This was done for each primary ear 
from a given plot. 
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Table 1.1 Continued 
 
Cob Weight CWT grams 
The weight in grams of the cob after the ear had 
been shelled.  This was done for each primary 
ear from a given plot. 
Days to Female 
Flowering 
DFF days 
The number of days from the planting date to 
the date at which the plot had 50% of plants 
with emerged silks of 1 inch or more. 
Days to Male 
Flowering 
DMF days 
The number of days from the planting date to 
the date at which the plot had 50% of tassels 
with anthers shedding pollen. 
Ear Circumference ERC millimeters Calculated by multiplying the ear diameter by π. 
Ear Diameter ERD millimeters 
The width of the full ear with kernels intact at 
the midpoint of the ear.  This was done for each 
primary ear from a given plot. 
Ear Height EHT cm 
Distance from the ground to the ear shoot node, 
i.e., where the ear shoot meets the stalk.  This 
was taken as a visual plot average. 
Ear Weight EWT grams 
The total weight in grams of kernels and cob for 
each primary ear from a given plot. 
Estimated Kernel 
Volume 
EKV 
cubic 
millimeters 
Calculated with the formula V=1/3  π a b h; 
where a = the minor axis of the elipse [AKH], b 
is the major axis of the elipse [AKW], and h is 
the height of the cone [AKL].   
Kernels per Row KPR kernels 
The number of apparently viable kernels in a 
representative row for each primary ear from 
five consecutive guarded plants for each plot. 
Percent Seed Fill PSF percentage 
Calculated by taking the seed fill length divided 
by the cob length. 
Percentage of Ears 
Barren 
PEB percentage 
The percentage of total ears that were barren 
[PEB] was calculated by dividing the number of 
barren ears harvested from a plot by the total 
number of ears harvested from a plot.  This trait 
is only used in comparison of RC1 to RC2 due 
to its insignificance in all other tests. 
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Table 1.1 Continued 
  
Plant Height  PHT cm 
Distance from the ground to the node of the 
upper-most leaf.  This was taken as a visual plot 
average 
Rows per Ear RPE rows 
The number of rows of kernels or kernel 
primordia for each primary ear from a given 
plot. 
Seed Fill Length SFL millimeters 
The distance in millimeters from the base of the 
cob to the approximate point on the cob where 
seed fill had ceased, or in other words, there 
were no more viable kernels.  If the base of the 
cob did not contain kernels, the measurement 
was taken from lowest point of seed fill to the 
highest point of seed fill.   This was done for 
each primary ear from a given plot. 
SPAD Meter  
Reading 1 
SPAD1 
SPAD 
units 
The plot average SPAD score was calculated 
from readings on two ear-leaf positions 
(approximately mid-leaf and six inches away 
from each other) for five consecutive guarded 
plants in each plot.  SPAD1 was taken for each 
plot at 50% tassel shed. 
SPAD Meter  
Reading 2 
SPAD2 
SPAD 
units 
The plot average SPAD score was calculated 
from readings on two ear-leaf positions 
(approximately mid-leaf and six inches away 
from each other) for five consecutive guarded 
plants in each plot.  SPAD2 was taken 
approximately 30 days after SPAD1.   
SPAD Meter 
Reading Δ 
dSPAD 
SPAD 
units 
Calculated as dSPAD = SPAD1 - SPAD2 
Stay Green 1 SG1 
Rating 
Scale         
(1 - 10) 
Visual rating of the percent senescence with 1 
meaning 10% and 10 meaning 100% taken 
approximately 30 days after flowering. 
Stay Green 2 SG2 
Rating 
Scale         
(1 - 10) 
Visual rating of the percent senescence with 1 
meaning 10% and 10 meaning 100% taken 
approximately 10 days after SG1 
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Table 1.1 Continued 
  
Stay Green 3 SG3 
Rating 
Scale         
(1 - 10) 
Visual rating of the percent senescence with 1 
meaning 10% and 10 meaning 100% taken 
approximately 10 days after SG2 
Stay Green 
Average 
SGA 
Rating 
Scale         
(1 - 10) 
Calculated as the average of SG1, SG2, and 
SG3. 
Total Number of 
Ears per Plant 
EPP ears 
The number of ears harvested from a plot 
divided by the number of plants that was 
harvested from.   
Total Number of 
Seeded Ears per 
Plant 
SEPP ears 
The total number of seeded ears per plant was 
calculated by subtracting the number of barren 
ears harvested from the total number of ears 
harvested for each given plot and then dividing 
that total by the number of plants that was 
harvested from. 
Yield per Plant YPP grams 
Calculated by first subtracting cob weight from 
the ear weight for each ear in a given plot.  This 
remaining weight was then considered the grain 
weight per ear and was totaled to calculate the 
plot grain weight.  This total was then divided 
by the number of plants harvested from the plot 
to determine the average yield per plant given in 
grams. 
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Table 1.2 Means of parental checks ± SD in the N182 treatment, as well as the difference 
between them and the SE and p-value for that difference 
Trait B73 Mo17 Difference SE p-value 
PHT (cm) 178.15 ± 13.66 169.46 ± 13.66 8.6852 4.7223 0.1632 
EHT (cm) 90 ± 12.18 85.64 ± 12.18 4.3519 2.969 0.239 
SG1 2.59 ± 0.48 1.62 ± 0.48 0.963 0.3091 0.0526 
SG2 4.4 ± 0.77 2.77 ± 0.77 1.6296 0.2724 0.0093 
SG3 7.88 ± 0.32 6.09 ± 0.32 1.7963 0.3853 0.0186 
SGA 4.76 ± 0.52 3.29 ± 0.52 1.4707 0.2881 0.0145 
DFF 74.48 ± 1.73 76.14 ± 1.73 -1.6667 0.8577 0.1472 
DMF 72.94 ± 1.85 71.12 ± 1.85 1.8148 0.4792 0.0323 
ASI 1.53 ± 0.52 5.01 ± 0.52 -3.4789 0.7388 0.0181 
SPAD1 58.32 ± 1.27 49.07 ± 1.27 9.2463 0.9255 0.0021 
SPAD2 48.42 ± 1.25 43.6 ± 1.25 4.8204 1.2561 0.0312 
dSPAD 9.96 ± 2.01 5.6 ± 2.01 4.3593 1.7773 0.0915 
EPP 1.17 ± 0.08 1.09 ± 0.08 0.08611 0.1196 0.5234 
SEPP 1.11 ± 0.06 1.02 ± 0.06 0.08519 0.09459 0.4342 
KPR 25.1 ± 2.66 27.68 ± 2.66 -2.5769 3.4988 0.5148 
RPE 16.29 ± 0.32 10.2 ± 0.32 6.0935 0.3865 0.0006 
EWT (g) 108.65 ± 14.7 88.22 ± 14.7 20.4174 15.0052 0.2668 
CWT (g) 23.31 ± 1.5 14.36 ± 1.5 9.0135 1.7774 0.0148 
YPP (g) 95.79 ± 15.05 79.98 ± 15.05 15.812 12.242 0.287 
SFL (mm) 129.73 ± 9.36 162.16 ± 9.36 -32.4315 13.249 0.0919 
CBL (mm) 144.01 ± 10.44 180.47 ± 10.44 -36.4611 9.9946 0.0355 
PSF 0.86 ± 0.03 0.92 ± 0.03 -0.025 0.03649 0.5425 
ERD (mm) 48.47 ± 0.69 38.16 ± 0.69 10.3148 0.8115 0.0011 
CBD (mm) 32.43 ± 0.94 23.64 ± 0.94 8.7833 0.5479 0.0005 
ERC (mm) 152.29 ± 2.18 119.88 ± 2.18 32.4039 2.5487 0.001 
AKW (mm) 9.62 ± 0.31 11.97 ± 0.31 -2.3585 0.2779 0.0034 
AKH (mm) 5.74 ± 0.96 6.46 ± 0.96 -0.723 0.5677 0.2926 
AKL (mm) 16.04 ± 0.78 14.55 ± 0.78 1.4889 0.8474 0.1772 
EKV (mm3) 886.41 ± 120.55 1118.07 ± 120.55 -231.65 64.2675 0.0366 
AKWT (g) 0.22 ± 0.01 0.27 ± 0.01 -0.05352 0.01432 0.0334 
       - significant at P <  0.10 
     - significant at P < 0.05 
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Table 1.3 Means of parental checks ± SD in the N0 treatment, as well as the difference 
between them and the SE and p-value for that difference 
Trait B73 Mo17 Difference SE p-value 
PHT (cm) 174.72 ± 13.66 168.61 ± 13.66 6.1111 4.7223 0.2862 
EHT (cm) 82.4 ± 12.18 78.98 ± 12.18 3.4259 2.969 0.3321 
SG1 2.61 ± 0.48 2.22 ± 0.48 0.3889 0.3091 0.2973 
SG2 4.98 ± 0.77 3.68 ± 0.77 1.2963 0.2724 0.0176 
SG3 7.75 ± 0.32 7.29 ± 0.32 0.463 0.3853 0.3158 
SGA 5.11 ± 0.52 4.4 ± 0.52 0.7169 0.2881 0.0886 
DFF 73.92 ± 1.73 76.79 ± 1.73 -2.8704 0.8577 0.0442 
DMF 71.85 ± 1.85 70.42 ± 1.85 1.4259 0.4792 0.0588 
ASI 2.07 ± 0.52 6.37 ± 0.52 -4.2952 0.7388 0.0101 
SPAD1 53.96 ± 1.27 46.01 ± 1.27 7.95 0.9255 0.0033 
SPAD2 42.16 ± 1.25 38.39 ± 1.25 3.7759 1.2561 0.0574 
dSPAD 11.79 ± 2.01 7.62 ± 2.01 4.1741 1.7773 0.1004 
EPP 1.12 ± 0.08 1.17 ± 0.08 -0.04815 0.1196 0.7141 
SEPP 1.1 ± 0.06 1.04 ± 0.06 0.05556 0.09459 0.5982 
KPR 25.41 ± 2.66 27.26 ± 2.66 -1.8524 3.4988 0.6332 
RPE 16.85 ± 0.32 10.17 ± 0.32 6.6802 0.3865 0.0004 
EWT (g) 108.61 ± 14.7 83.95 ± 14.7 24.6574 15.0052 0.1989 
CWT (g) 23.42 ± 1.5 14.41 ± 1.5 8.9463 1.7774 0.0151 
YPP (g) 94.99 ± 15.05 73.89 ± 15.05 21.0998 12.242 0.1833 
SFL (mm) 127.83 ± 9.36 155.66 ± 9.36 -27.8311 13.249 0.1265 
CBL (mm) 148.12 ± 10.44 180.03 ± 10.44 -31.9111 9.9946 0.0496 
PSF 0.86 ± 0.03 0.88 ± 0.02 0.00463 0.03649 0.9071 
ERD (mm) 48.7 ± 0.69 38.2 ± 0.69 10.508 0.8115 0.001 
CBD (mm) 31.95 ± 0.94 23.2 ± 0.94 8.743 0.5479 0.0005 
ERC (mm) 153.02 ± 2.18 120.01 ± 2.18 33.0113 2.5487 0.001 
AKW (mm) 9.13 ± 0.31 11.81 ± 0.31 -2.6774 0.2779 0.0024 
AKH (mm) 5.38 ± 0.96 6.09 ± 0.96 -0.7094 0.5677 0.3001 
AKL (mm) 16.75 ± 0.78 14.98 ± 0.78 1.7711 0.8474 0.1278 
EKV (mm3) 845.29 ± 120.55 1088.61 ± 120.55 -243.32 64.2675 0.0323 
AKWT (g) 0.23 ± 0.01 0.28 ± 0.01 -0.04685 0.01432 0.0467 
       - significant at P < 0.10 
     - significant at P < 0 .05 
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Table 1.4 Comparison across N treatments of trait means for B73 ± SD 
      B73 
Trait N182 N0 Difference SE 
p-
value 
PHT (cm) 178.15 ± 13.66 174.72 ± 13.66 3.43 8.17 0.7032 
EHT (cm) 90 ± 12.18 82.4 ± 12.18 7.59 3.29 0.1042 
SG1 2.59 ± 0.48 2.61 ± 0.48 -0.02 0.20 0.9304 
SG2 4.4 ± 0.77 4.98 ± 0.77 -0.57 0.49 0.324 
SG3 7.88 ± 0.32 7.75 ± 0.32 0.13 0.38 0.7579 
SGA 4.76 ± 0.52 5.11 ± 0.52 -0.35 0.21 0.1993 
DFF 74.48 ± 1.73 73.92 ± 1.73 0.56 0.54 0.3821 
DMF 72.94 ± 1.85 71.85 ± 1.85 1.09 0.52 0.1279 
ASI 1.53 ± 0.52 2.07 ± 0.52 -0.54 0.34 0.2149 
SPAD1 58.32 ± 1.27 53.96 ± 1.27 4.36 1.13 0.0308 
SPAD2 48.42 ± 1.25 42.16 ± 1.25 6.26 1.77 0.0386 
dSPAD 9.96 ± 2.01 11.79 ± 2.01 -1.83 2.22 0.4691 
EPP 1.17 ± 0.08 1.12 ± 0.08 0.05 0.05 0.3347 
SEPP 1.11 ± 0.06 1.1 ± 0.06 0.01 0.04 0.8625 
KPR 25.1 ± 2.66 25.41 ± 2.66 -0.31 1.60 0.8601 
RPE 16.29 ± 0.32 16.85 ± 0.32 -0.56 0.39 0.2403 
EWT (g) 108.65 ± 14.7 108.61 ± 14.7 0.04 9.73 0.9973 
CWT (g) 23.31 ± 1.5 23.42 ± 1.5 -0.12 1.51 0.9426 
YPP (g) 95.79 ± 15.05 94.99 ± 15.05 0.80 11.65 0.9495 
SFL (mm) 129.73 ± 9.36 127.83 ± 9.36 1.90 4.83 0.72 
CBL (mm) 144.01 ± 10.44 148.12 ± 10.44 -4.11 7.18 0.607 
PSF 0.86 ± 0.03 0.86 ± 0.03 0.03 0.04 0.4368 
ERD (mm) 48.47 ± 0.69 48.7 ± 0.69 -0.23 0.83 0.7969 
CBD (mm) 32.43 ± 0.94 31.95 ± 0.94 0.48 0.57 0.4621 
ERC (mm) 152.29 ± 2.18 153.02 ± 2.18 -0.73 2.60 0.797 
AKW (mm) 9.62 ± 0.31 9.13 ± 0.31 0.48 0.25 0.1445 
AKH (mm) 5.74 ± 0.96 5.38 ± 0.96 0.36 0.56 0.5662 
AKL (mm) 16.04 ± 0.78 16.75 ± 0.78 -0.71 0.57 0.2967 
EKV (mm3) 886.41 ± 120.55 845.29 ± 120.55 41.12 72.25 0.6091 
AKWT (g) 0.22 ± 0.01 0.23 ± 0.01 -0.01 0.01 0.3869 
       - significant at P < 0.10 
     - significant at P < 0 .05 
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Table 1.5 Comparison across N treatments of trait means for Mo17 ± SD 
      Mo17 
Trait N182 N0 Difference SE 
p-
value 
PHT (cm) 169.46 ± 13.66 168.61 ± 13.66 0.85 8.17 0.9235 
EHT (cm) 85.64 ± 12.18 78.98 ± 12.18 6.67 3.29 0.1358 
SG1 1.62 ± 0.48 2.22 ± 0.48 -0.59 0.20 0.056 
SG2 2.77 ± 0.77 3.68 ± 0.77 -0.91 0.49 0.1597 
SG3 6.09 ± 0.32 7.29 ± 0.32 -1.20 0.38 0.0518 
SGA 3.29 ± 0.52 4.4 ± 0.52 -1.11 0.21 0.0141 
DFF 76.14 ± 1.73 76.79 ± 1.73 -0.65 0.54 0.3189 
DMF 71.12 ± 1.85 70.42 ± 1.85 0.70 0.52 0.2712 
ASI 5.01 ± 0.52 6.37 ± 0.52 -1.35 0.34 0.0288 
SPAD1 49.07 ± 1.27 46.01 ± 1.27 3.06 1.13 0.0731 
SPAD2 43.6 ± 1.25 38.39 ± 1.25 5.21 1.77 0.0604 
dSPAD 5.6 ± 2.01 7.62 ± 2.01 -2.02 2.22 0.4299 
EPP 1.09 ± 0.08 1.17 ± 0.08 -0.08 0.05 0.1748 
SEPP 1.02 ± 0.06 1.04 ± 0.06 -0.02 0.04 0.6112 
KPR 27.68 ± 2.66 27.26 ± 2.66 0.42 1.60 0.8109 
RPE 10.2 ± 0.32 10.17 ± 0.32 0.02 0.39 0.9578 
EWT (g) 88.22 ± 14.7 83.95 ± 14.7 4.28 9.73 0.6902 
CWT (g) 14.36 ± 1.5 14.41 ± 1.5 -0.05 1.51 0.9753 
YPP (g) 79.98 ± 15.05 73.89 ± 15.05 6.09 11.65 0.6373 
SFL (mm) 162.16 ± 9.36 155.66 ± 9.36 6.50 4.83 0.2708 
CBL (mm) 180.47 ± 10.44 180.03 ± 10.44 0.44 7.18 0.955 
PSF 0.92 ± 0.03 0.88 ± 0.02 0.06 0.04 0.1912 
ERD (mm) 38.16 ± 0.69 38.2 ± 0.69 -0.04 0.83 0.9647 
CBD (mm) 23.64 ± 0.94 23.2 ± 0.94 0.44 0.57 0.4972 
ERC (mm) 119.88 ± 2.18 120.01 ± 2.18 -0.12 2.60 0.9649 
AKW (mm) 11.97 ± 0.31 11.81 ± 0.31 0.16 0.25 0.5519 
AKH (mm) 6.46 ± 0.96 6.09 ± 0.96 0.37 0.56 0.5526 
AKL (mm) 14.55 ± 0.78 14.98 ± 0.78 -0.43 0.57 0.5018 
EKV (mm3) 1118.07 ± 120.55 1088.61 ± 120.55 29.46 72.25 0.7108 
AKWT (g) 0.27 ± 0.01 0.28 ± 0.01 -0.01 0.01 0.6208 
       - significant at P < 0.10 
     - significant at P < 0.05 
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Table 1.6 Comparison across N treatments of the combined means of all RILs ± SD as 
well as the difference between them and the SE and p-value for that difference 
RILs 
Trait N182 N0 Difference SE 
p-
value 
PHT (cm) 167.86 ± 13.46 166.54 ± 13.46 1.33 7.48 0.8706 
EHT (cm) 82.61 ± 12.05 77.99 ± 12.05 4.62 2.06 0.1113 
SG1 2.32 ± 0.47 2.71 ± 0.47 -0.39 0.13 0.0588 
SG2 4.16 ± 0.76 5.03 ± 0.76 -0.87 0.43 0.1388 
SG3 7.83 ± 0.28 8.15 ± 0.28 -0.31 0.31 0.391 
SGA 4.56 ± 0.5 5.3 ± 0.5 -0.74 0.11 0.0065 
DFF 73.61 ± 1.7 73.47 ± 1.7 0.13 0.28 0.6689 
DMF 70.91 ± 1.84 70.08 ± 1.84 0.82 0.41 0.1391 
ASI 2.66 ± 0.47 3.24 ± 0.47 -0.58 0.13 0.0225 
SPAD1 54.62 ± 1.11 51.26 ± 1.11 3.36 0.74 0.0203 
SPAD2 47.17 ± 0.94 40.82 ± 0.94 6.36 1.34 0.0178 
dSPAD 7.49 ± 1.86 10.43 ± 1.86 -2.93 1.94 0.2281 
EPP 1.09 ± 0.08 1.08 ± 0.08 0.01 0.03 0.8271 
SEPP 1.05 ± 0.06 1.04 ± 0.06 0.01 0.02 0.6522 
KPR 29.11 ± 2.52 28.43 ± 2.52 0.68 1.03 0.5547 
RPE 13.11 ± 0.2 13.41 ± 0.2 -0.30 0.15 0.1419 
EWT (g) 104.16 ± 14.16 97.75 ± 14.16 6.40 7.97 0.4808 
CWT (g) 18.51 ± 1.38 17.79 ± 1.38 0.72 1.28 0.6141 
YPP (g) 95.95 ± 14.61 86.79 ± 14.61 9.16 10.45 0.4456 
SFL (mm) 148.05 ± 8.82 142.67 ± 8.82 5.38 1.88 0.0645 
CBL (mm) 163.91 ± 9.93 163.22 ± 9.93 0.69 5.56 0.9089 
PSF 0.89 ± 0.02 0.89 ± 0.03 0.01 0.02 0.6722 
ERD (mm) 43.53 ± 0.57 43.22 ± 0.57 0.30 0.61 0.6535 
CBD (mm) 27.97 ± 0.89 27.45 ± 0.89 0.53 0.36 0.2382 
ERC (mm) 136.76 ± 1.79 135.81 ± 1.79 0.95 1.91 0.6529 
AKW (mm) 10.68 ± 0.27 10.41 ± 0.27 0.26 0.11 0.0893 
AKH (mm) 5.77 ± 0.89 6.18 ± 0.89 -0.41 0.22 0.1565 
AKL (mm) 15.55 ± 0.7 15.77 ± 0.7 -0.22 0.31 0.5273 
EKV (mm3) 954.16 ± 113.05 976.38 ± 113.04 -22.22 41.41 0.6288 
AKWT (g) 0.23 ± 0.01 0.24 ± 0.01 -0.01 0.01 0.3712 
       - significant at P < 0.10 
     - significant at P < 0.05 
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Table 1.7 Contrasts of phenotypic means across RC class and N treatments and the SE and p-value for the difference 
   
 
RC2 v RC1  N0 : RC2 v RC1  N182 : RC2 v RC1   RC1: N182 v N0   RC2: N182 v N0   
Trait Diff. SE p-value Diff. SE p-value Diff. SE p-value Diff. SE p-value Diff. SE p-value 
PHT (cm) 13.05 3.25 0.0001 12.96 3.31 0.0001 13.13 3.31 0.0001 1.69 6.80 0.8039 1.86 6.80 0.7848 
EHT (cm) 8.00 2.41 0.0009 8.51 2.48 0.0007 7.49 2.49 0.0027 5.28 1.83 0.0041 4.26 1.84 0.021 
SG1 -0.09 0.14 0.517 -0.04 0.15 0.8049 -0.14 0.15 0.3414 -0.35 0.15 0.0204 -0.45 0.15 0.0028 
SG2 -0.21 0.22 0.3292 -0.26 0.23 0.2669 -0.17 0.23 0.4558 -0.93 0.44 0.0349 -0.84 0.44 0.0553 
SG3 -0.28 0.21 0.194 -0.32 0.22 0.1546 -0.24 0.22 0.2879 -0.36 0.29 0.2165 -0.28 0.29 0.3392 
SGA -0.19 0.17 0.2812 -0.24 0.18 0.1971 -0.14 0.18 0.4454 -0.78 0.16 0.0001 -0.68 0.16 0.0001 
DFF 1.53 0.44 0.0006 1.52 0.46 0.001 1.54 0.46 0.0009 0.19 0.27 0.4933 0.21 0.28 0.4407 
DMF 1.02 0.28 0.0004 1.04 0.31 0.0008 1.00 0.31 0.0011 0.89 0.38 0.0189 0.86 0.38 0.0246 
ASI 0.57 0.29 0.05 0.56 0.31 0.0665 0.58 0.31 0.0585 -0.57 0.15 0.0002 -0.55 0.16 0.0004 
SPAD1 1.04 0.76 0.1693 1.20 0.80 0.1351 0.89 0.80 0.2693 3.59 0.77 0.0001 3.28 0.78 0.0001 
SPAD2 0.17 0.97 0.8648 -0.43 1.04 0.6767 0.77 1.04 0.462 5.77 1.36 0.0001 6.98 1.36 0.0001 
dSPAD 0.89 0.68 0.191 1.53 0.80 0.0566 0.25 0.80 0.7533 -2.24 0.91 0.0141 -3.52 0.92 0.0001 
EPP 0.04 0.03 0.1193 0.04 0.03 0.1708 0.04 0.03 0.1817 0.00 0.03 0.9231 0.00 0.03 0.9448 
SEPP 0.02 0.02 0.3414 0.04 0.03 0.1604 0.01 0.03 0.768 0.02 0.03 0.4674 -0.01 0.03 0.7152 
PEB 0.01 0.01 0.074 0.00 0.01 0.7016 0.02 0.01 0.0221 -0.01 0.01 0.3446 0.01 0.01 0.5605 
KPR -3.10 1.13 0.0061 -3.33 1.18 0.0049 -2.86 1.18 0.0157 0.51 1.03 0.6218 0.98 1.04 0.3468 
RPE -0.25 0.33 0.4422 -0.24 0.35 0.493 -0.27 0.35 0.4448 -0.32 0.18 0.0692 -0.35 0.18 0.0521 
EWT (g) -6.30 5.10 0.2169 -7.24 5.36 0.1773 -5.36 5.37 0.3184 5.84 7.68 0.4469 7.72 7.70 0.3161 
CWT (g) 0.61 0.83 0.4604 0.40 0.85 0.6369 0.82 0.86 0.3396 0.56 0.95 0.5531 0.98 0.95 0.3042 
YPP (g) -6.32 4.50 0.16 -7.03 4.81 0.1446 -5.62 4.82 0.2446 8.74 10.4 0.4006 10.15 10.41 0.3296 
SFL (mm) -6.13 4.42 0.1663 -6.08 4.60 0.1866 -6.18 4.60 0.1797 5.56 2.28 0.0151 5.45 2.31 0.0186 
CBL (mm) -3.28 4.21 0.4357 -4.94 4.48 0.2701 -1.62 4.49 0.718 -0.46 5.72 0.9365 2.87 5.73 0.6173 
PSF -0.01 0.02 0.3863 0.00 0.02 0.8419 -0.03 0.02 0.2219 0.02 0.03 0.444 0.00 0.03 0.9239 
ERD (mm) -0.84 0.57 0.1391 -0.76 0.59 0.1968 -0.92 0.59 0.1195 0.35 0.63 0.5764 0.19 0.63 0.7604 
CBD (mm) -0.35 0.40 0.377 -0.43 0.42 0.3106 -0.27 0.42 0.5147 0.45 0.38 0.2388 0.60 0.39 0.118 
ERC (mm) -2.64 1.78 0.1387 -2.40 1.85 0.1958 -2.89 1.86 0.1196 1.10 1.97 0.577 0.61 1.98 0.7586 
AKW (mm) 0.05 0.19 0.8159 0.13 0.21 0.5127 -0.04 0.21 0.8294 0.39 0.15 0.0079 0.21 0.15 0.1547 
AKHT (mm) 0.93 0.41 0.0224 1.30 0.45 0.0041 0.56 0.46 0.2183 0.00 0.28 0.9896 -0.75 0.29 0.009 
AKL (mm) -0.44 0.35 0.2104 -0.33 0.39 0.3911 -0.55 0.39 0.1566 -0.12 0.38 0.7571 -0.34 0.38 0.3784 
EKV (mm3) 84.01 47.75 0.079 127.50 51.93 0.0143 40.52 52.15 0.4374 25.66 43.95 0.5595 -61.31 44.42 0.1679 
AKWT (g) 0.01 0.01 0.0555 0.02 0.01 0.006 0.01 0.01 0.4424 -0.01 0.01 0.6391 -0.02 0.01 0.0829 
 - significant at P < 0.10 
              - significant at P < 0.05 
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Table 1.8  ANOVA for combined year and N treatment data 
      
Trait Year Trt Ped Trt*Ped Rep(Year) 
Block 
(Rep*Year) Year*Trt 
Trt* 
Rep(Year) Year*Ped 
Ped* 
Rep(Year) 
Year*Trt* 
Ped 
Trt*Ped* 
Rep(Year) 
PHT (cm) 0.1313 0.8083 0.0001 0.0911 0.3796 0.0552 0.0012 0.0572 0.0001 0.1603 0.3456 0.5567 
EHT (cm) 0.9817 0.2007 0.0001 0.3714 0.9373 0.2632 0.4655 0.0001 0.0001 0.8431 0.6080 0.9790 
SG1 0.0939 0.2189 0.0001 0.0003 0.7324 0.3927 0.1927 0.0002 0.0001 0.0216 0.1318 0.0271 
SG2 0.1536 0.2905 0.0001 0.0118 0.4253 0.9689 0.0846 0.0001 0.0001 0.0747 0.0521 0.1942 
SG3 0.4349 0.1805 0.0001 0.0086 0.4574 0.0001 0.4611 0.0001 0.0002 0.1127 0.4791 0.8402 
SGA 0.0625 0.0897 0.0001 0.0003 0.4022 0.0246 0.5514 0.0001 0.0001 0.0131 0.1347 0.9028 
DFF 0.1009 0.5283 0.0001 0.1006 0.8223 0.0001 0.5200 0.0001 0.0001 0.6303 0.3925 0.2238 
DMF 0.1103 0.2478 0.0001 0.9699 0.8765 0.0014 0.2116 0.0001 0.0001 0.8854 0.0005 0.0093 
ASI 0.7942 0.0599 0.0001 0.1409 0.7950 0.0066 0.7542 0.0918 0.0001 0.8627 0.6996 0.0076 
SPAD1 0.1577 0.1346 0.0001 0.1099 0.2117 0.1272 0.0717 0.0940 0.0216 0.0893 0.3182 0.3276 
SPAD2 0.9065 0.1448 0.0001 0.8453 0.3539 0.0195 0.0294 0.1866 0.0100 0.8356 0.2455 0.1999 
dSPAD 0.1199 0.1491 0.0001 0.9201 0.2721 0.0447 0.3431 0.0950 0.3583 0.9698 0.0954 0.2435 
EPP 0.7333 0.8758 0.0002 0.5536 0.9550 0.2152 0.3498 0.0024 0.0352 0.2540 0.0776 0.9693 
SEPP 0.5365 0.8994 0.0007 0.6205 0.4761 0.8063 0.1563 0.0637 0.0009 0.4580 0.1408 0.2025 
PEBB . 0.6602 0.4212 0.0935 0.8989 0.2210 0.9135 0.0081 0.0609 0.3129 0.4919 0.8428 
KPR 0.1104 0.5450 0.0001 0.0215 0.9695 0.0519 0.1399 0.1383 0.0001 0.3473 0.8456 0.0001 
RPE 0.1478 0.2334 0.0001 0.5899 0.4932 0.9608 0.2891 0.3278 0.1613 0.3075 0.3378 0.0001 
EWT (g) 0.1957 0.5403 0.0001 0.1097 0.8507 0.5558 0.0452 0.0432 0.0001 0.3892 0.7853 0.0030 
CWT (g) 0.3087 0.5547 0.0001 0.1207 0.8538 0.4983 0.0877 0.0001 0.0001 0.0193 0.0400 0.0184 
YPP (g) 0.2569 0.5728 0.0001 0.1521 0.7027 0.7365 0.0207 0.0057 0.0001 0.1652 0.3568 0.0008 
SFL (mm) 0.1949 0.0827 0.0001 0.0931 0.7007 0.0265 0.7926 0.0153 0.0001 0.5737 0.5077 0.0011 
CBL (mm) 0.1861 0.8546 0.0001 0.0247 0.1138 0.0349 0.2138 0.9302 0.0004 0.4635 0.7205 0.0001 
PSF 0.3401 0.7527 0.0130 0.5569 0.6291 0.6175 0.1479 0.0284 0.1325 0.5904 0.3936 0.0203 
ERD (mm) 0.3589 0.7420 0.0001 0.2126 0.5462 0.8354 0.1241 0.0038 0.0001 0.0673 0.3301 0.3343 
CBD (mm) 0.2640 0.3744 0.0001 0.9001 0.5715 0.1586 0.4002 0.0001 0.3282 0.5556 0.0795 0.5815 
ERC (mm) 0.3594 0.7416 0.0001 0.2146 0.5439 0.8353 0.1234 0.0039 0.0001 0.0670 0.3272 0.3353 
AKW (mm) 0.1292 0.2879 0.0001 0.9692 0.5860 0.8075 0.1363 0.1719 0.0600 0.5181 0.2274 0.9547 
AKH (mm) 0.0001 0.2134 0.1744 0.2006 0.5631 0.3896 . 0.9305 0.0001 0.8953 0.9088 0.0001 
AKL (mm) . 0.3669 0.0001 0.3246 0.9757 0.1789 0.7177 0.0001 0.0016 0.2705 0.1917 0.3466 
EKV (mm3) 0.0158 0.6339 0.0001 0.1103 0.3967 0.7568 0.3808 0.1181 0.0019 0.6132 0.2924 0.0001 
AKWT (g) 0.4371 0.4613 0.0001 0.2749 0.6586 0.0459 0.3776 0.0001 0.0044 0.9819 0.4152 0.0002 
 - significant at α = .10 
           - significant at α = .05 
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Table 1.9 ANOVA for combined N treatment data split by year 
          
 
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 
Trait Trt Ped Trt*Ped Rep Block(Rep) Trt*Rep Rep*Ped Trt*Rep*Ped 
PHT (cm) 0.0147 0.0724 0.0001 0.0001 0.245 0.0228 0.5232 0.3113 0.1298 0.1152 0.2225 0.0278 0.7631 0.0064 0.5905 0.4734 
EHT (cm) 0.0015 0.5095 0.0001 0.0001 0.198 0.8418 . 0.8905 0.6019 0.0629 0.9264 0.0001 0.6642 0.8601 0.9841 0.6520 
SG1 0.0563 0.1763 0.0001 0.0001 0.0002 0.0001 0.5926 0.7614 0.2735 0.6396 0.004 0.0037 0.0825 0.0681 0.1046 0.0719 
SG2 0.0673 0.0641 0.0001 0.0001 0.0001 0.0132 0.4829 0.3712 0.9319 0.8452 0.0001 0.0440 0.0122 0.7272 0.5485 0.0731 
SG3 0.0021 0.2132 0.0001 0.0001 0.0003 0.0642 . 0.4548 0.6927 0.0008 0.799 0.0001 0.1076 0.2304 0.4912 0.7925 
SGA 0.0172 0.1705 0.0001 0.0001 0.0001 0.0023 0.2939 0.4557 0.6358 0.0157 0.001 0.0001 0.0031 0.1785 0.962 0.6816 
DFF 0.4668 0.9719 0.0001 0.0001 0.2035 0.0661 0.7306 0.6955 0.3216 0.0001 0.0005 0.0002 0.6926 0.4728 0.4505 0.1482 
DMF 0.0253 0.3567 0.0001 0.0001 0.0833 0.0006 0.7616 0.7699 0.5022 0.0001 0.1194 0.0001 0.9559 0.2255 0.0183 0.2264 
ASI 0.1114 0.0309 0.0001 0.0001 0.2267 0.7609 0.6523 0.7680 0.0982 0.0054 0.0594 0.5317 0.8144 0.7195 0.0825 0.0123 
SPAD1 0.0127 0.0194 0.0001 0.0001 0.2254 0.0458 0.6068 0.1397 0.2654 0.1518 0.0541 0.2703 0.0286 0.4217 0.7709 0.1235 
SPAD2 0.0011 0.0339 0.0001 0.0001 0.368 0.6659 0.6752 0.3143 0.0859 0.0578 0.783 0.0535 0.6748 0.8318 0.077 0.5915 
dSPAD 0.0088 0.2180 0.0001 0.0001 0.388 0.3260 0.9662 0.2681 0.1197 0.1045 0.6842 0.0377 0.8918 0.9244 0.0959 0.5453 
EPP 0.6831 0.2750 0.0001 0.0001 0.2519 0.0431 0.9021 0.7656 0.0996 0.7360 0.0044 0.1434 0.269 0.3630 0.8093 0.9838 
SEPP 0.4089 0.2984 0.0001 0.0001 0.7575 0.0542 0.3618 0.8293 0.5019 0.7580 0.0897 0.1332 0.5414 0.4233 0.0001 0.9693 
PEB 0.9234 0.9848 0.0212 0.0034 0.211 0.1542 0.776 0.9719 0.2978 0.0441 0.0199 0.1143 0.1717 0.8716 0.9851 0.0001 
KPR 0.094 0.8471 0.0001 0.0001 0.3412 0.4252 0.9558 0.8480 0.1177 0.1217 0.2425 0.1385 0.4779 0.3406 0.0022 0.0077 
RPE 0.2694 0.0914 0.0001 0.0001 0.3906 0.5101 0.8333 0.6514 0.892 0.8719 0.1152 0.4804 0.0548 0.6004 0.987 0.0001 
EWT (g) 0.0446 0.8187 0.0001 0.0001 0.6723 0.0824 0.7687 0.7650 0.5935 0.3822 0.2274 0.0134 0.6663 0.0924 0.0677 0.0036 
CWT (g) 0.1085 0.8133 0.0001 0.0001 0.0011 0.0195 0.9036 0.6429 0.7816 0.1932 0.0003 0.0155 0.2111 0.0386 0.6308 0.0011 
YPP (g) 0.0436 0.6376 0.0001 0.0001 0.2053 0.0776 0.611 0.6923 0.626 0.7163 0.0446 0.0105 0.1657 0.3747 0.0094 0.0280 
SFL (mm) 0.1915 0.2170 0.0001 0.0001 0.1285 0.3172 0.6987 0.5360 0.2447 0.0270 0.0158 0.1179 0.5607 0.5596 0.027 0.0091 
CBL (mm) 0.009 0.0699 0.0001 0.0001 0.0113 0.3779 0.8588 0.0948 0.2485 0.0206 0.7677 0.8223 0.9589 0.3555 0.0209 0.0001 
PSF 0.6578 0.0221 0.012 0.0001 0.5132 0.0271 0.6217 0.3325 0.6312 0.0895 0.0452 0.5480 0.5172 0.4066 0.1669 0.0001 
ERD (mm) 0.2249 0.2914 0.0001 0.0001 0.137 0.1991 . 0.6178 0.9247 0.4825 0.3235 0.0041 0.0705 0.2371 0.9033 0.0513 
CBD (mm) 0.8502 0.0467 0.0001 0.0001 0.4858 0.0935 0.6088 0.1994 0.2445 0.1875 0.0002 0.1009 0.7641 0.0250 0.6428 0.4363 
ERC (mm) 0.2249 0.2902 0.0001 0.0001 0.1369 0.1979 . 0.6158 0.9246 0.4824 0.3237 0.0041 0.0707 0.2358 0.9033 0.0516 
AKW (mm) 0.3474 0.0307 0.0001 0.0001 0.7561 0.4108 0.6673 0.8469 0.6811 0.9015 0.0897 0.4800 0.4288 0.5686 1 0.0001 
AKH (mm) 0.1258 0.3511 0.0001 0.0001 0.1165 0.9047 0.922 . 0.1903 0.4662 0.1735 0.8756 0.9883 0.8431 0.171 0.0001 
AKL (mm) 0.6423 0.8027 0.0001 0.0001 0.0897 0.2690 0.8909 0.9813 0.1529 0.6566 0.0001 0.0025 0.2866 0.3381 0.517 0.2250 
EKV (mm3) 0.4648 0.6708 0.0001 0.0001 0.0554 0.2653 0.7713 . 0.4173 0.8736 0.0002 0.7982 0.7871 0.5940 0.6896 0.0001 
AKWT (g) 0.3539 0.8699 0.0001 0.0001 0.0855 0.5159 0.5635 0.9928 0.0447 0.8388 0.0001 0.0088 0.8983 0.9519 0.3272 0.0001 
 - significant at α = .10 
               - significant at α = .05 
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Table 1.10 Broad-sense heritabilities and variance estimates for all 31 traits split by N treatment 
 
N182 N0 
Trait Var(G) Var(GxE) Var(e) H² Var(G) Var(GxE) Var(e) H² 
PHT (cm) 306.24 28.2072 61.1876 0.93 324.04 32.7456 61.0407 0.92 
EHT (cm) 144.86 33.6631 45.0977 0.86 150.44 21.5717 83.013 0.86 
SG1 0.257 0.3082 0.2185 0.57 0.3779 0.1815 0.1469 0.77 
SG2 0.4339 0.7056 0.2578 0.52 0.9967 0.8198 0.3373 0.68 
SG3 0.8394 0.581 0.9184 0.65 0.782 0.503 0.3416 0.72 
SGA 0.4555 0.4324 0.2787 0.63 0.6387 0.3547 0.1581 0.76 
DFF 4.4537 1.6054 1.4087 0.81 5.0847 1.5598 1.5649 0.83 
DMF 1.1225 1.5493 1.1395 0.54 1.9818 0.9942 0.7792 0.76 
ASI 1.3741 0.7616 1.1532 0.71 1.8379 0.7993 1.3065 0.75 
SPAD1 12.2504 2.2983 8.6996 0.82 15.242 1.9996 8.6224 0.86 
SPAD2 15.4137 5.5885 18.1417 0.73 21.0866 6.8321 22.5671 0.75 
dSPAD 4.7584 2.5776 24.0512 0.47 8.6729 4.6018 25.3743 0.57 
EPP 0.008403 0.001515 0.03245 0.58 0.01559 0.006403 0.0362 0.63 
SEPP 0.008004 0.003718 0.01911 0.61 0.009505 0.01434 0.0238 0.46 
KPR 23.6241 13.9846 14.7652 0.71 22.8134 14.2985 13.7804 0.71 
RPE 2.3826 0.2348 1.3871 0.87 2.9008 0.2044 0.6731 0.93 
EWT (g) 521.58 252.78 516.84 0.71 462.78 234.82 295.38 0.74 
CWT (g) 14.1125 5.9781 3.9333 0.79 15.2216 4.7843 3.1122 0.84 
YPP (g) 396.86 258.6 427.16 0.66 298.24 201.6 255.41 0.68 
SFL (mm) 446.82 135.17 195.18 0.82 469.76 131.3 220.66 0.82 
CBL (mm) 416.48 73.1388 131.57 0.88 430.85 72.9759 75.6896 0.90 
PSF 0.001542 0 0.012 0.44 0.002413 0.003683 0.002866 0.51 
ERD (mm) 7.0142 3.2763 3.8924 0.75 7.2454 1.3281 3.5738 0.85 
CBD (mm) 3.9417 0.3726 1.2748 0.91 3.6612 0.05427 2.8357 0.88 
ERC (mm) 69.2077 32.3408 38.4198 0.75 71.4452 13.0884 35.2598 0.85 
AKW (mm) 0.7582 0.05317 1.1857 0.77 0.9434 0.1567 0.2995 0.88 
AKH (mm) 0.6852 2.6037 2.197 0.29 1.2891 4.1951 1.3589 0.36 
AKL (mm) 2.0209 1.7248 2.4716 0.61 1.5983 0.8122 3.5507 0.62 
EKV (mm3) 22419 12023 34246 0.66 37021 38596 24361 0.61 
AKWT (g) 0.000846 0.000394 0.000927 0.71 0.001356 0.000202 0.000577 0.87 
  
                     Mean H
2
 = 0.69 
 
                      Mean H
2
 = 0.75 
  approx. 0.1 or greater difference in H
2
 compared to other N treatment 
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Table 1.11 Correlation estimates for all 31 traits split by N treatment 
 
PHT (cm) EHT (cm) SG1 SG2 SG3 SGA DFF DMF 
Trait N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 
PHT (cm) 1.00 1.00 0.79 0.90 0.10 0.16 0.04 0.10 -0.26 0.03 -0.05 0.10 -0.05 -0.18 -0.15 -0.28 
EHT (cm) 0.79 0.90 1.00 1.00 0.20 0.22 0.19 0.14 -0.13 0.08 0.10 0.16 -0.17 -0.22 -0.31 -0.31 
SG1 0.10 0.16 0.20 0.22 1.00 1.00 0.78 0.70 0.47 0.38 0.83 0.73 -0.33 -0.32 -0.43 -0.25 
SG2 0.04 0.10 0.19 0.14 0.78 0.70 1.00 1.00 0.65 0.50 0.95 0.83 -0.47 -0.41 -0.54 -0.33 
SG3 -0.26 0.03 -0.13 0.08 0.47 0.38 0.65 0.50 1.00 1.00 0.82 0.87 -0.35 -0.29 -0.33 -0.22 
SGA -0.05 0.10 0.10 0.16 0.83 0.73 0.95 0.83 0.82 0.87 1.00 1.00 -0.45 -0.40 -0.51 -0.31 
DFF -0.05 -0.18 -0.17 -0.22 -0.33 -0.32 -0.47 -0.41 -0.35 -0.29 -0.45 -0.40 1.00 1.00 0.76 0.76 
DMF -0.15 -0.28 -0.31 -0.31 -0.43 -0.25 -0.54 -0.33 -0.33 -0.22 -0.51 -0.31 0.76 0.76 1.00 1.00 
ASI 0.10 0.06 0.10 0.04 -0.01 -0.19 -0.12 -0.22 -0.18 -0.17 -0.13 -0.23 0.67 0.63 0.06 -0.02 
SPAD1 -0.01 0.19 0.01 0.19 0.04 0.20 0.13 0.24 0.03 0.22 0.09 0.27 -0.19 -0.25 -0.02 -0.12 
SPAD2 -0.03 0.19 -0.04 0.18 -0.35 -0.07 -0.33 -0.14 -0.29 -0.10 -0.37 -0.13 0.07 -0.01 0.24 0.05 
dSPAD 0.02 -0.02 0.05 -0.01 0.42 0.26 0.46 0.35 0.35 0.29 0.47 0.37 -0.23 -0.20 -0.29 -0.15 
EPP 0.10 0.15 0.13 0.17 -0.08 0.05 -0.10 -0.03 -0.10 -0.02 -0.11 -0.01 0.02 -0.01 0.06 0.03 
SEPP 0.02 0.00 -0.01 0.03 -0.17 -0.04 -0.17 -0.10 -0.07 -0.05 -0.16 -0.07 0.00 0.02 0.17 0.09 
KPR 0.05 0.22 0.09 0.23 -0.13 0.02 -0.06 0.01 0.00 0.02 -0.06 0.02 -0.42 -0.47 -0.27 -0.37 
RPE -0.03 0.15 0.01 0.15 0.05 0.19 0.15 0.21 0.14 0.14 0.14 0.21 -0.21 -0.24 -0.01 -0.01 
EWT (g) 0.24 0.44 0.27 0.44 -0.20 -0.03 -0.14 -0.01 -0.21 -0.02 -0.20 -0.02 -0.42 -0.45 -0.22 -0.34 
CWT (g) 0.28 0.47 0.25 0.43 -0.30 0.01 -0.22 -0.03 -0.31 -0.03 -0.31 -0.02 -0.02 -0.15 0.16 -0.02 
YPP (g) 0.19 0.47 0.21 0.48 -0.13 0.02 -0.11 0.01 -0.19 -0.01 -0.16 0.00 -0.45 -0.49 -0.24 -0.40 
SFL (mm) 0.02 0.07 0.03 0.07 -0.30 -0.21 -0.25 -0.28 -0.10 -0.13 -0.24 -0.23 -0.16 -0.13 -0.07 -0.08 
CBL (mm) -0.03 0.02 -0.08 0.00 -0.38 -0.32 -0.38 -0.36 -0.19 -0.16 -0.36 -0.31 0.14 0.02 0.20 0.04 
PSF 0.07 0.11 0.14 0.14 0.03 0.09 0.07 0.02 0.03 0.02 0.05 0.04 -0.22 -0.18 -0.24 -0.17 
ERD (mm) 0.04 -0.01 0.03 0.00 -0.15 0.00 -0.11 -0.05 -0.13 0.01 -0.15 -0.01 -0.21 -0.17 0.07 0.13 
CBD (mm) -0.04 -0.08 -0.09 -0.08 -0.18 0.01 -0.12 -0.03 -0.06 0.03 -0.13 0.01 0.03 0.05 0.29 0.31 
ERC (mm) 0.04 -0.01 0.03 0.00 -0.15 0.00 -0.11 -0.05 -0.13 0.01 -0.15 -0.01 -0.21 -0.17 0.07 0.13 
AKW (mm) -0.01 -0.18 -0.06 -0.17 -0.22 -0.22 -0.33 -0.27 -0.24 -0.15 -0.31 -0.24 0.20 0.21 0.10 0.11 
AKH (mm) -0.05 -0.15 -0.08 -0.17 -0.11 -0.14 -0.13 -0.14 -0.04 0.01 -0.11 -0.08 0.42 0.42 0.31 0.32 
AKL (mm) 0.11 0.09 0.17 0.10 -0.02 -0.02 -0.03 -0.03 -0.13 -0.03 -0.06 -0.03 -0.36 -0.32 -0.25 -0.19 
EKV (mm3) -0.01 -0.22 -0.03 -0.23 -0.19 -0.28 -0.27 -0.30 -0.19 -0.09 -0.25 -0.23 0.36 0.32 0.26 0.27 
AKWT (g) 0.26 0.18 0.29 0.17 -0.09 -0.25 -0.09 -0.30 -0.29 -0.23 -0.18 -0.31 0.07 0.08 -0.12 -0.11 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
          Correlation between 0.75 and 1 or -0.75 and -1 
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Table 1.11 Continued 
              
 
ASI SPAD1 SPAD2 dSPAD EPP SEPP KPR RPE 
Trait N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 
PHT (cm) 0.10 0.06 -0.01 0.19 -0.03 0.19 0.02 -0.02 0.10 0.15 0.02 0.00 0.05 0.22 -0.03 0.15 
EHT (cm) 0.10 0.04 0.01 0.19 -0.04 0.18 0.05 -0.01 0.13 0.17 -0.01 0.03 0.09 0.23 0.01 0.15 
SG1 -0.01 -0.19 0.04 0.20 -0.35 -0.07 0.42 0.26 -0.08 0.05 -0.17 -0.04 -0.13 0.02 0.05 0.19 
SG2 -0.12 -0.22 0.13 0.24 -0.33 -0.14 0.46 0.35 -0.10 -0.03 -0.17 -0.10 -0.06 0.01 0.15 0.21 
SG3 -0.18 -0.17 0.03 0.22 -0.29 -0.10 0.35 0.29 -0.10 -0.02 -0.07 -0.05 0.00 0.02 0.14 0.14 
SGA -0.13 -0.23 0.09 0.27 -0.37 -0.13 0.47 0.37 -0.11 -0.01 -0.16 -0.07 -0.06 0.02 0.14 0.21 
DFF 0.67 0.63 -0.19 -0.25 0.07 -0.01 -0.23 -0.20 0.02 -0.01 0.00 0.02 -0.42 -0.47 -0.21 -0.24 
DMF 0.06 -0.02 -0.02 -0.12 0.24 0.05 -0.29 -0.15 0.06 0.03 0.17 0.09 -0.27 -0.37 -0.01 -0.01 
ASI 1.00 1.00 -0.27 -0.24 -0.17 -0.08 -0.03 -0.13 -0.01 -0.06 -0.18 -0.09 -0.33 -0.27 -0.31 -0.37 
SPAD1 -0.27 -0.24 1.00 1.00 0.48 0.47 0.29 0.41 0.14 0.11 0.17 0.08 -0.05 -0.01 0.27 0.33 
SPAD2 -0.17 -0.08 0.48 0.47 1.00 1.00 -0.70 -0.60 0.10 0.11 0.19 0.14 0.11 0.18 0.10 0.19 
dSPAD -0.03 -0.13 0.29 0.41 -0.70 -0.60 1.00 1.00 0.00 0.00 -0.07 -0.07 -0.16 -0.19 0.11 0.10 
EPP -0.01 -0.06 0.14 0.11 0.10 0.11 0.00 0.00 1.00 1.00 0.81 0.76 -0.13 -0.04 -0.07 -0.01 
SEPP -0.18 -0.09 0.17 0.08 0.19 0.14 -0.07 -0.07 0.81 0.76 1.00 1.00 -0.09 -0.02 0.03 -0.03 
KPR -0.33 -0.27 -0.05 -0.01 0.11 0.18 -0.16 -0.19 -0.13 -0.04 -0.09 -0.02 1.00 1.00 0.04 0.16 
RPE -0.31 -0.37 0.27 0.33 0.10 0.19 0.11 0.10 -0.07 -0.01 0.03 -0.03 0.04 0.16 1.00 1.00 
EWT (g) -0.39 -0.29 0.15 0.22 0.28 0.32 -0.18 -0.12 -0.03 0.00 0.01 -0.02 0.72 0.70 0.33 0.38 
CWT (g) -0.22 -0.22 0.31 0.36 0.38 0.42 -0.16 -0.10 -0.02 0.00 0.03 -0.05 0.32 0.45 0.40 0.48 
YPP (g) -0.40 -0.28 0.18 0.22 0.27 0.32 -0.15 -0.12 0.19 0.16 0.28 0.15 0.63 0.70 0.28 0.32 
SFL (mm) -0.17 -0.10 -0.13 -0.13 0.13 0.15 -0.25 -0.27 -0.05 -0.07 -0.03 0.03 0.70 0.75 -0.12 -0.07 
CBL (mm) -0.03 -0.02 -0.19 -0.18 0.10 0.14 -0.26 -0.29 -0.05 -0.09 -0.01 -0.02 0.43 0.62 -0.22 -0.17 
PSF -0.06 -0.07 0.01 0.04 0.02 0.06 -0.02 -0.04 -0.03 -0.01 -0.07 0.04 0.29 0.34 0.06 0.06 
ERD (mm) -0.40 -0.43 0.31 0.26 0.30 0.24 -0.08 -0.01 -0.02 -0.02 0.10 0.02 0.25 0.26 0.62 0.71 
CBD (mm) -0.29 -0.30 0.28 0.24 0.28 0.20 -0.08 0.00 -0.02 -0.03 0.09 0.07 -0.01 0.02 0.58 0.57 
ERC (mm) -0.40 -0.43 0.31 0.26 0.30 0.24 -0.08 -0.01 -0.02 -0.02 0.10 0.02 0.25 0.26 0.62 0.71 
AKW (mm) 0.19 0.19 -0.21 -0.24 0.06 -0.11 -0.24 -0.10 0.09 -0.01 0.02 0.01 0.09 -0.08 -0.81 -0.81 
AKH (mm) 0.27 0.26 0.00 -0.02 -0.01 -0.07 0.02 0.05 0.05 -0.05 0.00 -0.08 -0.54 -0.60 -0.13 -0.30 
AKL (mm) -0.25 -0.27 0.13 0.09 0.12 0.10 -0.02 -0.02 -0.01 0.01 0.03 -0.05 0.40 0.36 0.23 0.34 
EKV (mm3) 0.24 0.16 -0.02 -0.09 0.06 -0.07 -0.08 -0.01 0.10 -0.04 0.06 -0.02 -0.39 -0.41 -0.31 -0.39 
AKWT (g) 0.25 0.24 0.06 0.02 0.08 0.10 -0.04 -0.07 0.06 0.01 0.01 -0.01 -0.16 -0.09 -0.26 -0.32 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
          Correlation between 0.75 and 1 or -0.75 and -1 
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Table 1.11 Continued 
             
 
EWT (g) CWT (g) YPP (g) SFL (mm) CBL (mm) PSF ERD (mm) CBD (mm) 
Trait N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 
PHT (cm) 0.24 0.44 0.28 0.47 0.19 0.47 0.02 0.07 -0.03 0.02 0.07 0.11 0.04 -0.01 -0.04 -0.08 
EHT (cm) 0.27 0.44 0.25 0.43 0.21 0.48 0.03 0.07 -0.08 0.00 0.14 0.14 0.03 0.00 -0.09 -0.08 
SG1 -0.20 -0.03 -0.30 0.01 -0.13 0.02 -0.30 -0.21 -0.38 -0.32 0.03 0.09 -0.15 0.00 -0.18 0.01 
SG2 -0.14 -0.01 -0.22 -0.03 -0.11 0.01 -0.25 -0.28 -0.38 -0.36 0.07 0.02 -0.11 -0.05 -0.12 -0.03 
SG3 -0.21 -0.02 -0.31 -0.03 -0.19 -0.01 -0.10 -0.13 -0.19 -0.16 0.03 0.02 -0.13 0.01 -0.06 0.03 
SGA -0.20 -0.02 -0.31 -0.02 -0.16 0.00 -0.24 -0.23 -0.36 -0.31 0.05 0.04 -0.15 -0.01 -0.13 0.01 
DFF -0.42 -0.45 -0.02 -0.15 -0.45 -0.49 -0.16 -0.13 0.14 0.02 -0.22 -0.18 -0.21 -0.17 0.03 0.05 
DMF -0.22 -0.34 0.16 -0.02 -0.24 -0.40 -0.07 -0.08 0.20 0.04 -0.24 -0.17 0.07 0.13 0.29 0.31 
ASI -0.39 -0.29 -0.22 -0.22 -0.40 -0.28 -0.17 -0.10 -0.03 -0.02 -0.06 -0.07 -0.40 -0.43 -0.29 -0.30 
SPAD1 0.15 0.22 0.31 0.36 0.18 0.22 -0.13 -0.13 -0.19 -0.18 0.01 0.04 0.31 0.26 0.28 0.24 
SPAD2 0.28 0.32 0.38 0.42 0.27 0.32 0.13 0.15 0.10 0.14 0.02 0.06 0.30 0.24 0.28 0.20 
dSPAD -0.18 -0.12 -0.16 -0.10 -0.15 -0.12 -0.25 -0.27 -0.26 -0.29 -0.02 -0.04 -0.08 -0.01 -0.08 0.00 
EPP -0.03 0.00 -0.02 0.00 0.19 0.16 -0.05 -0.07 -0.05 -0.09 -0.03 -0.01 -0.02 -0.02 -0.02 -0.03 
SEPP 0.01 -0.02 0.03 -0.05 0.28 0.15 -0.03 0.03 -0.01 -0.02 -0.07 0.04 0.10 0.02 0.09 0.07 
KPR 0.72 0.70 0.32 0.45 0.63 0.70 0.70 0.75 0.43 0.62 0.29 0.34 0.25 0.26 -0.01 0.02 
RPE 0.33 0.38 0.40 0.48 0.28 0.32 -0.12 -0.07 -0.22 -0.17 0.06 0.06 0.62 0.71 0.58 0.57 
EWT (g) 1.00 1.00 0.69 0.71 0.84 0.93 0.56 0.51 0.27 0.39 0.28 0.28 0.61 0.48 0.30 0.22 
CWT (g) 0.69 0.71 1.00 1.00 0.53 0.60 0.29 0.36 0.25 0.34 0.06 0.08 0.66 0.60 0.60 0.52 
YPP (g) 0.84 0.93 0.53 0.60 1.00 1.00 0.49 0.46 0.19 0.33 0.23 0.27 0.53 0.39 0.27 0.13 
SFL (mm) 0.56 0.51 0.29 0.36 0.49 0.46 1.00 1.00 0.66 0.90 0.33 0.38 0.03 0.14 -0.08 0.05 
CBL (mm) 0.27 0.39 0.25 0.34 0.19 0.33 0.66 0.90 1.00 1.00 -0.06 0.06 -0.07 0.08 -0.03 0.04 
PSF 0.28 0.28 0.06 0.08 0.23 0.27 0.33 0.38 -0.06 0.06 1.00 1.00 0.07 0.04 -0.07 -0.03 
ERD (mm) 0.61 0.48 0.66 0.60 0.53 0.39 0.03 0.14 -0.07 0.08 0.07 0.04 1.00 1.00 0.77 0.73 
CBD (mm) 0.30 0.22 0.60 0.52 0.27 0.13 -0.08 0.05 -0.03 0.04 -0.07 -0.03 0.77 0.73 1.00 1.00 
ERC (mm) 0.61 0.48 0.66 0.60 0.53 0.39 0.03 0.14 -0.07 0.08 0.07 0.04 1.00 1.00 0.77 0.73 
AKW (mm) -0.08 -0.18 -0.16 -0.21 -0.07 -0.17 0.22 0.13 0.32 0.22 -0.05 -0.05 -0.27 -0.25 -0.34 -0.24 
AKH (mm) -0.41 -0.41 -0.11 -0.23 -0.43 -0.45 -0.16 -0.23 0.01 -0.11 -0.17 -0.07 -0.24 -0.29 -0.01 -0.01 
AKL (mm) 0.57 0.42 0.27 0.26 0.49 0.41 0.15 0.15 -0.07 0.07 0.21 0.08 0.58 0.57 -0.07 -0.15 
EKV (mm3) -0.25 -0.25 -0.06 -0.17 -0.27 -0.29 -0.01 0.00 0.10 0.09 -0.09 -0.09 -0.11 0.01 -0.14 -0.11 
AKWT (g) 0.03 0.13 0.11 0.07 0.08 0.15 -0.10 0.06 -0.03 0.12 -0.09 -0.04 -0.02 -0.06 -0.06 -0.20 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
          Correlation between 0.75 and 1 or -0.75 and -1 
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ERC (mm) AKW (mm) AKH (mm) AKL (mm) EKV (mm3) AKWT (g) 
Trait N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 N0 N182 
PHT (cm) 0.04 -0.01 -0.01 -0.18 -0.05 -0.15 0.11 0.09 -0.01 -0.22 0.26 0.18 
EHT (cm) 0.03 0.00 -0.06 -0.17 -0.08 -0.17 0.17 0.10 -0.03 -0.23 0.29 0.17 
SG1 -0.15 0.00 -0.22 -0.22 -0.11 -0.14 -0.02 -0.02 -0.19 -0.28 -0.09 -0.25 
SG2 -0.11 -0.05 -0.33 -0.27 -0.13 -0.14 -0.03 -0.03 -0.27 -0.30 -0.09 -0.30 
SG3 -0.13 0.01 -0.24 -0.15 -0.04 0.01 -0.13 -0.03 -0.19 -0.09 -0.29 -0.23 
SGA -0.15 -0.01 -0.31 -0.24 -0.11 -0.08 -0.06 -0.03 -0.25 -0.23 -0.18 -0.31 
DFF -0.21 -0.17 0.20 0.21 0.42 0.42 -0.36 -0.32 0.36 0.32 0.07 0.08 
DMF 0.07 0.13 0.10 0.11 0.31 0.32 -0.25 -0.19 0.26 0.27 -0.12 -0.11 
ASI -0.40 -0.43 0.19 0.19 0.27 0.26 -0.25 -0.27 0.24 0.16 0.25 0.24 
SPAD1 0.31 0.26 -0.21 -0.24 0.00 -0.02 0.13 0.09 -0.02 -0.09 0.06 0.02 
SPAD2 0.30 0.24 0.06 -0.11 -0.01 -0.07 0.12 0.10 0.06 -0.07 0.08 0.10 
dSPAD -0.08 -0.01 -0.24 -0.10 0.02 0.05 -0.02 -0.02 -0.08 -0.01 -0.04 -0.07 
EPP -0.02 -0.02 0.09 -0.01 0.05 -0.05 -0.01 0.01 0.10 -0.04 0.06 0.01 
SEPP 0.10 0.02 0.02 0.01 0.00 -0.08 0.03 -0.05 0.06 -0.02 0.01 -0.01 
KPR 0.25 0.26 0.09 -0.08 -0.54 -0.60 0.40 0.36 -0.39 -0.41 -0.16 -0.09 
RPE 0.62 0.71 -0.81 -0.81 -0.13 -0.30 0.23 0.34 -0.31 -0.39 -0.26 -0.32 
EWT (g) 0.61 0.48 -0.08 -0.18 -0.41 -0.41 0.57 0.42 -0.25 -0.25 0.03 0.13 
CWT (g) 0.66 0.60 -0.16 -0.21 -0.11 -0.23 0.27 0.26 -0.06 -0.17 0.11 0.07 
YPP (g) 0.53 0.39 -0.07 -0.17 -0.43 -0.45 0.49 0.41 -0.27 -0.29 0.08 0.15 
SFL (mm) 0.03 0.14 0.22 0.13 -0.16 -0.23 0.15 0.15 -0.01 0.00 -0.10 0.06 
CBL (mm) -0.07 0.08 0.32 0.22 0.01 -0.11 -0.07 0.07 0.10 0.09 -0.03 0.12 
PSF 0.07 0.04 -0.05 -0.05 -0.17 -0.07 0.21 0.08 -0.09 -0.09 -0.09 -0.04 
ERD (mm) 1.00 1.00 -0.27 -0.25 -0.24 -0.29 0.58 0.57 -0.11 0.01 -0.02 -0.06 
CBD (mm) 0.77 0.73 -0.34 -0.24 -0.01 -0.01 -0.07 -0.15 -0.14 -0.11 -0.06 -0.20 
ERC (mm) 1.00 1.00 -0.27 -0.25 -0.24 -0.29 0.58 0.57 -0.11 0.01 -0.02 -0.06 
AKW (mm) -0.27 -0.25 1.00 1.00 0.03 0.26 0.01 -0.07 0.38 0.57 0.36 0.37 
AKH (mm) -0.24 -0.29 0.03 0.26 1.00 1.00 -0.37 -0.42 0.79 0.66 0.08 0.11 
AKL (mm) 0.58 0.57 0.01 -0.07 -0.37 -0.42 1.00 1.00 0.01 0.13 0.06 0.16 
EKV (mm3) -0.11 0.01 0.38 0.57 0.79 0.66 0.01 0.13 1.00 1.00 0.27 0.39 
AKWT (g) -0.02 -0.06 0.36 0.37 0.08 0.11 0.06 0.16 0.27 0.39 1.00 1.00 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
     Correlation between 0.75 and 1 or -0.75 and -1 
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Table 1.12 Correlation estimates for all 31 traits split by N treatment and RC class 
     
 
N182 N0 N182 N0 N182 N0 N182 N0 
 
PHT(cm) EHT(cm) SG1 SG2 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) 1.00 1.00 1.00 1.00 0.89 0.92 0.80 0.84 0.03 0.19 -0.05 0.17 0.07 0.06 0.00 -0.01 
EHT (cm) 0.89 0.92 0.80 0.84 1.00 1.00 1.00 1.00 0.08 0.25 0.10 0.22 0.12 0.12 0.21 0.11 
SG1 0.03 0.19 -0.05 0.17 0.08 0.25 0.10 0.22 1.00 1.00 1.00 1.00 0.71 0.68 0.79 0.76 
SG2 0.07 0.06 0.00 -0.01 0.12 0.12 0.21 0.11 0.71 0.68 0.79 0.76 1.00 1.00 1.00 1.00 
SG3 0.05 -0.06 -0.27 -0.40 0.09 -0.01 -0.09 -0.30 0.33 0.37 0.51 0.36 0.49 0.48 0.66 0.63 
SGA 0.06 0.03 -0.11 -0.11 0.12 0.10 0.10 0.00 0.70 0.73 0.85 0.80 0.83 0.83 0.95 0.95 
DFF -0.21 -0.18 -0.13 -0.03 -0.27 -0.21 -0.25 -0.11 -0.20 -0.25 -0.22 -0.25 -0.34 -0.32 -0.32 -0.43 
DMF -0.34 -0.27 -0.20 -0.16 -0.39 -0.27 -0.38 -0.27 -0.13 -0.33 -0.34 -0.45 -0.32 -0.37 -0.47 -0.60 
ASI 0.02 0.06 0.02 0.18 -0.03 0.03 0.00 0.18 -0.15 0.03 0.03 0.15 -0.19 -0.03 -0.01 -0.01 
SPAD1 0.36 -0.05 0.08 -0.18 0.31 0.04 0.02 -0.08 0.01 0.14 -0.14 0.11 0.00 0.24 -0.06 0.18 
SPAD2 0.25 0.14 0.19 -0.10 0.24 0.18 0.04 0.00 -0.18 -0.20 -0.42 -0.27 -0.23 -0.31 -0.41 -0.30 
dSPAD 0.04 -0.18 -0.17 -0.03 0.02 -0.14 -0.04 -0.07 0.22 0.31 0.39 0.37 0.26 0.50 0.46 0.44 
EPP 0.22 0.12 0.26 0.08 0.24 0.17 0.27 0.05 -0.08 0.07 -0.05 -0.06 -0.15 0.03 -0.06 -0.02 
SEPP 0.15 -0.02 0.23 -0.02 0.18 0.03 0.24 -0.09 -0.14 -0.01 -0.19 -0.09 -0.19 -0.08 -0.19 -0.06 
KPR 0.28 0.31 0.14 0.09 0.30 0.32 0.13 0.16 -0.05 -0.03 -0.18 -0.21 -0.01 -0.10 -0.12 -0.12 
RPE 0.11 0.07 0.01 -0.21 0.05 0.13 0.05 -0.12 0.01 0.02 0.00 -0.05 0.03 0.05 0.02 0.08 
EWT (g) 0.53 0.39 0.34 0.19 0.52 0.42 0.33 0.28 -0.18 -0.16 -0.36 -0.24 -0.15 -0.14 -0.31 -0.17 
CWT (g) 0.56 0.37 0.38 0.17 0.51 0.36 0.31 0.23 -0.14 -0.22 -0.43 -0.42 -0.18 -0.30 -0.35 -0.38 
YPP (g) 0.56 0.44 0.30 0.17 0.56 0.49 0.27 0.21 -0.17 -0.06 -0.27 -0.13 -0.16 -0.08 -0.29 -0.08 
SFL (mm) 0.20 0.15 0.18 -0.01 0.19 0.16 0.14 0.07 -0.24 -0.14 -0.28 -0.37 -0.26 -0.27 -0.23 -0.28 
CBL (mm) 0.14 0.12 0.06 -0.05 0.14 0.09 0.01 -0.08 -0.24 -0.34 -0.31 -0.55 -0.25 -0.40 -0.29 -0.52 
PSF 0.19 0.12 0.13 0.05 0.17 0.18 0.19 0.14 -0.10 0.28 0.08 -0.04 -0.12 0.08 0.16 0.01 
ERD (mm) -0.05 -0.03 -0.01 0.02 -0.05 -0.02 -0.02 0.07 -0.21 -0.23 -0.38 -0.30 -0.27 -0.31 -0.38 -0.32 
CBD (mm) -0.08 -0.18 -0.02 -0.16 -0.10 -0.16 -0.14 -0.13 -0.10 -0.20 -0.38 -0.36 -0.22 -0.27 -0.39 -0.32 
ERC (mm) -0.05 -0.03 -0.01 0.02 -0.05 -0.02 -0.02 0.07 -0.21 -0.23 -0.38 -0.30 -0.27 -0.31 -0.38 -0.32 
AKW (mm) -0.16 -0.11 -0.03 0.12 -0.09 -0.16 -0.07 0.04 -0.13 -0.16 -0.22 -0.19 -0.18 -0.21 -0.25 -0.34 
AKH (mm) -0.09 -0.19 -0.11 -0.07 -0.15 -0.20 -0.09 -0.10 -0.16 -0.06 -0.18 -0.07 -0.17 -0.05 -0.14 -0.12 
AKL (mm) 0.02 0.13 0.01 -0.11 0.05 0.13 0.11 -0.12 -0.15 -0.07 -0.14 -0.06 -0.11 -0.09 -0.14 -0.10 
EKV (mm3) -0.17 -0.18 -0.11 0.08 -0.18 -0.19 -0.07 0.05 -0.27 -0.19 -0.29 -0.08 -0.29 -0.20 -0.27 -0.22 
AKWT (g) 0.12 0.08 -0.10 0.11 0.11 0.04 -0.05 0.01 -0.09 -0.06 0.03 0.11 -0.14 -0.05 0.07 0.10 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
          Correlation between 0.75 and 1 or -0.75 and -1 
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Table 1.12 Continued 
 
N182 N0 N182 N0 N182 N0 N182 N0 
 
SG3 SGA DFF DMF 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) 0.05 -0.06 -0.27 -0.40 0.06 0.03 -0.11 -0.11 -0.21 -0.18 -0.13 -0.03 -0.34 -0.27 -0.20 -0.16 
EHT (cm) 0.09 -0.01 -0.09 -0.30 0.12 0.10 0.10 0.00 -0.27 -0.21 -0.25 -0.11 -0.39 -0.27 -0.38 -0.27 
SG1 0.33 0.37 0.51 0.36 0.70 0.73 0.85 0.80 -0.20 -0.25 -0.22 -0.25 -0.13 -0.33 -0.34 -0.45 
SG2 0.49 0.48 0.66 0.63 0.83 0.83 0.95 0.95 -0.34 -0.32 -0.32 -0.43 -0.32 -0.37 -0.47 -0.60 
SG3 1.00 1.00 1.00 1.00 0.87 0.86 0.82 0.79 -0.26 -0.20 -0.23 -0.26 -0.31 -0.15 -0.26 -0.27 
SGA 0.87 0.86 0.82 0.79 1.00 1.00 1.00 1.00 -0.33 -0.30 -0.30 -0.38 -0.33 -0.31 -0.42 -0.53 
DFF -0.26 -0.20 -0.23 -0.26 -0.33 -0.30 -0.30 -0.38 1.00 1.00 1.00 1.00 0.76 0.82 0.78 0.80 
DMF -0.31 -0.15 -0.26 -0.27 -0.33 -0.31 -0.42 -0.53 0.76 0.82 0.78 0.80 1.00 1.00 1.00 1.00 
ASI -0.09 -0.14 -0.10 -0.13 -0.16 -0.08 -0.03 -0.01 0.77 0.61 0.75 0.66 0.18 0.05 0.22 0.10 
SPAD1 0.04 0.18 -0.10 0.19 0.03 0.23 -0.10 0.19 -0.07 -0.30 -0.02 -0.20 -0.14 -0.21 0.02 -0.14 
SPAD2 -0.15 -0.25 -0.38 -0.18 -0.22 -0.31 -0.46 -0.29 0.18 -0.06 0.16 0.00 0.12 -0.03 0.28 0.11 
dSPAD 0.21 0.38 0.39 0.33 0.27 0.49 0.48 0.45 -0.26 -0.17 -0.22 -0.14 -0.24 -0.13 -0.32 -0.22 
EPP -0.17 0.03 -0.07 0.06 -0.17 0.04 -0.07 0.00 0.14 -0.16 0.01 -0.12 0.00 -0.09 0.00 0.02 
SEPP -0.21 0.02 -0.09 0.09 -0.23 -0.02 -0.18 -0.02 0.17 -0.16 -0.12 -0.05 0.10 -0.08 0.02 0.10 
KPR 0.10 -0.10 -0.09 -0.08 0.05 -0.10 -0.14 -0.15 -0.43 -0.43 -0.40 -0.46 -0.29 -0.31 -0.21 -0.28 
RPE 0.03 0.06 0.02 0.18 0.03 0.06 0.02 0.10 -0.29 -0.14 -0.14 -0.10 -0.21 -0.15 -0.10 -0.09 
EWT (g) -0.04 -0.14 -0.35 -0.27 -0.12 -0.18 -0.37 -0.25 -0.43 -0.37 -0.33 -0.45 -0.38 -0.29 -0.21 -0.27 
CWT (g) -0.07 -0.22 -0.43 -0.34 -0.14 -0.30 -0.44 -0.44 -0.07 -0.09 0.08 0.03 -0.12 -0.03 0.09 0.15 
YPP (g) -0.05 -0.11 -0.33 -0.21 -0.13 -0.11 -0.33 -0.16 -0.45 -0.44 -0.35 -0.51 -0.43 -0.35 -0.25 -0.31 
SFL (mm) -0.01 -0.15 -0.09 -0.18 -0.16 -0.23 -0.22 -0.32 -0.08 -0.22 -0.20 -0.28 0.05 -0.06 -0.04 -0.07 
CBL (mm) -0.01 -0.23 -0.19 -0.26 -0.16 -0.38 -0.30 -0.51 0.04 -0.08 0.10 0.04 0.15 0.09 0.20 0.31 
PSF 0.01 0.11 0.12 -0.05 -0.07 0.16 0.14 -0.03 -0.27 -0.18 -0.43 -0.16 -0.18 -0.15 -0.40 -0.22 
ERD (mm) -0.16 -0.14 -0.33 -0.25 -0.24 -0.26 -0.41 -0.34 -0.16 -0.11 -0.05 -0.10 0.00 0.02 0.04 0.00 
CBD (mm) -0.09 -0.09 -0.25 -0.11 -0.16 -0.21 -0.39 -0.31 0.12 0.14 0.26 0.23 0.23 0.22 0.31 0.30 
ERC (mm) -0.16 -0.14 -0.33 -0.25 -0.24 -0.26 -0.41 -0.34 -0.16 -0.11 -0.05 -0.10 0.00 0.02 0.04 0.00 
AKW (mm) -0.12 -0.10 -0.19 -0.30 -0.17 -0.18 -0.25 -0.34 0.26 0.10 0.14 0.09 0.25 0.19 0.17 0.17 
AKH (mm) -0.02 0.09 -0.06 -0.02 -0.11 0.02 -0.14 -0.08 0.44 0.42 0.40 0.48 0.33 0.35 0.31 0.37 
AKL (mm) -0.10 -0.08 -0.20 -0.13 -0.14 -0.10 -0.18 -0.11 -0.32 -0.27 -0.32 -0.01 -0.23 -0.19 -0.24 0.03 
EKV (mm
3
) -0.14 0.00 -0.19 -0.13 -0.26 -0.12 -0.28 -0.18 0.38 0.16 0.34 0.40 0.33 0.24 0.29 0.31 
AKWT (g) -0.06 -0.09 0.13 0.06 -0.11 -0.09 0.09 0.11 -0.08 0.04 0.11 -0.14 -0.07 -0.05 0.08 -0.07 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
          Correlation between 0.75 and 1 or -0.75 and -1 
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Table 1.12 Continued 
       
 
N182 N0 N182 N0 N182 N0 N182 N0
 
ASI SPAD1 SPAD2 dSPAD 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) 0.02 0.06 0.02 0.18 0.36 -0.05 0.08 -0.18 0.25 0.14 0.19 -0.10 0.04 -0.18 -0.17 -0.03 
EHT (cm) -0.03 0.03 0.00 0.18 0.31 0.04 0.02 -0.08 0.24 0.18 0.04 0.00 0.02 -0.14 -0.04 -0.07 
SG1 -0.15 0.03 0.03 0.15 0.01 0.14 -0.14 0.11 -0.18 -0.20 -0.42 -0.27 0.22 0.31 0.39 0.37 
SG2 -0.19 -0.03 -0.01 -0.01 0.00 0.24 -0.06 0.18 -0.23 -0.31 -0.41 -0.30 0.26 0.50 0.46 0.44 
SG3 -0.09 -0.14 -0.10 -0.13 0.04 0.18 -0.10 0.19 -0.15 -0.25 -0.38 -0.18 0.21 0.38 0.39 0.33 
SGA -0.16 -0.08 -0.03 -0.01 0.03 0.23 -0.10 0.19 -0.22 -0.31 -0.46 -0.29 0.27 0.49 0.48 0.45 
DFF 0.77 0.61 0.75 0.66 -0.07 -0.30 -0.02 -0.20 0.18 -0.06 0.16 0.00 -0.26 -0.17 -0.22 -0.14 
DMF 0.18 0.05 0.22 0.10 -0.14 -0.21 0.02 -0.14 0.12 -0.03 0.28 0.11 -0.24 -0.13 -0.32 -0.22 
ASI 1.00 1.00 1.00 1.00 0.02 -0.20 -0.05 -0.16 0.14 -0.06 -0.01 -0.17 -0.15 -0.09 -0.05 0.05 
SPAD1 0.02 -0.20 -0.05 -0.16 1.00 1.00 1.00 1.00 0.50 0.41 0.60 0.40 0.37 0.38 0.15 0.33 
SPAD2 0.14 -0.06 -0.01 -0.17 0.50 0.41 0.60 0.40 1.00 1.00 1.00 1.00 -0.61 -0.67 -0.70 -0.73 
dSPAD -0.15 -0.09 -0.05 0.05 0.37 0.38 0.15 0.33 -0.61 -0.67 -0.70 -0.73 1.00 1.00 1.00 1.00 
EPP 0.20 -0.16 0.07 -0.21 -0.02 0.14 0.19 0.11 0.04 0.11 0.19 -0.03 -0.06 0.01 -0.07 0.12 
SEPP 0.16 -0.18 -0.16 -0.23 -0.06 0.12 0.22 0.09 0.05 0.13 0.29 -0.01 -0.13 -0.04 -0.17 0.08 
KPR -0.37 -0.31 -0.41 -0.39 -0.03 0.07 -0.11 0.07 0.13 0.20 0.00 0.24 -0.16 -0.13 -0.09 -0.20 
RPE -0.24 -0.01 -0.11 -0.03 0.20 0.06 0.17 0.05 0.12 0.15 0.03 0.07 0.06 -0.11 0.11 -0.03 
EWT (g) -0.29 -0.23 -0.30 -0.38 0.29 0.12 0.15 0.05 0.30 0.34 0.30 0.29 -0.05 -0.22 -0.24 -0.27 
CWT (g) 0.01 -0.11 0.03 -0.12 0.44 0.07 0.29 0.10 0.46 0.39 0.41 0.40 -0.10 -0.30 -0.25 -0.34 
YPP (g) -0.26 -0.26 -0.28 -0.43 0.24 0.15 0.15 0.10 0.26 0.35 0.29 0.24 -0.06 -0.21 -0.23 -0.17 
SFL (mm) -0.18 -0.30 -0.28 -0.36 -0.04 0.10 -0.08 0.05 0.20 0.27 0.11 0.28 -0.25 -0.19 -0.21 -0.25 
CBL (mm) -0.09 -0.28 -0.08 -0.32 0.02 -0.05 -0.11 -0.05 0.26 0.24 0.07 0.29 -0.26 -0.27 -0.18 -0.34 
PSF -0.24 -0.09 -0.25 0.02 -0.12 0.25 -0.08 0.03 -0.04 0.12 -0.05 0.08 -0.07 0.06 -0.01 -0.06 
ERD (mm) -0.25 -0.21 -0.14 -0.14 0.12 0.02 0.22 0.04 0.22 0.21 0.32 0.34 -0.10 -0.19 -0.20 -0.32 
CBD (mm) -0.03 -0.05 0.07 0.01 0.07 0.02 0.22 0.01 0.15 0.23 0.31 0.28 -0.09 -0.22 -0.18 -0.29 
ERC (mm) -0.25 -0.21 -0.14 -0.14 0.12 0.02 0.22 0.04 0.22 0.21 0.32 0.34 -0.10 -0.19 -0.20 -0.32 
AKW (mm) 0.14 -0.11 0.03 -0.07 -0.15 -0.06 -0.05 -0.08 -0.02 -0.07 0.15 0.11 -0.11 0.02 -0.23 -0.17 
AKH (mm) 0.35 0.24 0.27 0.33 0.10 -0.04 0.07 -0.02 0.07 -0.10 0.08 -0.06 0.02 0.06 -0.04 0.05 
AKL (mm) -0.27 -0.20 -0.25 -0.06 0.08 0.00 0.08 0.11 0.11 0.02 0.13 0.07 -0.04 -0.01 -0.10 0.01 
EKV (mm
3
) 0.24 -0.05 0.19 0.27 0.06 -0.02 0.10 -0.08 0.12 -0.09 0.19 -0.01 -0.06 0.07 -0.15 -0.05 
AKWT (g) -0.06 0.12 0.08 -0.13 0.17 -0.09 -0.06 -0.06 0.13 0.02 -0.15 -0.05 0.02 -0.08 0.13 0.01 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
           Correlation between 0.75 and 1 or -0.75 and -1 
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Table 1.12 Continued 
       
 
N182 N0 N182 N0 N182 N0 N182 N0 
 
EPP SEPP KPR RPE 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) 0.22 0.12 0.26 0.08 0.15 -0.02 0.23 -0.02 0.28 0.31 0.14 0.09 0.11 0.07 0.01 -0.21 
EHT (cm) 0.24 0.17 0.27 0.05 0.18 0.03 0.24 -0.09 0.30 0.32 0.13 0.16 0.05 0.13 0.05 -0.12 
SG1 -0.08 0.07 -0.05 -0.06 -0.14 -0.01 -0.19 -0.09 -0.05 -0.03 -0.18 -0.21 0.01 0.02 0.00 -0.05 
SG2 -0.15 0.03 -0.06 -0.02 -0.19 -0.08 -0.19 -0.06 -0.01 -0.10 -0.12 -0.12 0.03 0.05 0.02 0.08 
SG3 -0.17 0.03 -0.07 0.06 -0.21 0.02 -0.09 0.09 0.10 -0.10 -0.09 -0.08 0.03 0.06 0.02 0.18 
SGA -0.17 0.04 -0.07 0.00 -0.23 -0.02 -0.18 -0.02 0.05 -0.10 -0.14 -0.15 0.03 0.06 0.02 0.10 
DFF 0.14 -0.16 0.01 -0.12 0.17 -0.16 -0.12 -0.05 -0.43 -0.43 -0.40 -0.46 -0.29 -0.14 -0.14 -0.10 
DMF 0.00 -0.09 0.00 0.02 0.10 -0.08 0.02 0.10 -0.29 -0.31 -0.21 -0.28 -0.21 -0.15 -0.10 -0.09 
ASI 0.20 -0.16 0.07 -0.21 0.16 -0.18 -0.16 -0.23 -0.37 -0.31 -0.41 -0.39 -0.24 -0.01 -0.11 -0.03 
SPAD1 -0.02 0.14 0.19 0.11 -0.06 0.12 0.22 0.09 -0.03 0.07 -0.11 0.07 0.20 0.06 0.17 0.05 
SPAD2 0.04 0.11 0.19 -0.03 0.05 0.13 0.29 -0.01 0.13 0.20 0.00 0.24 0.12 0.15 0.03 0.07 
dSPAD -0.06 0.01 -0.07 0.12 -0.13 -0.04 -0.17 0.08 -0.16 -0.13 -0.09 -0.20 0.06 -0.11 0.11 -0.03 
EPP 1.00 1.00 1.00 1.00 0.86 0.76 0.73 0.89 -0.09 0.07 -0.08 0.02 -0.28 0.02 -0.28 -0.01 
SEPP 0.86 0.76 0.73 0.89 1.00 1.00 1.00 1.00 -0.06 0.09 0.08 -0.05 -0.25 -0.02 -0.20 0.02 
KPR -0.09 0.07 -0.08 0.02 -0.06 0.09 0.08 -0.05 1.00 1.00 1.00 1.00 0.33 0.31 0.05 0.13 
RPE -0.28 0.02 -0.28 -0.01 -0.25 -0.02 -0.20 0.02 0.33 0.31 0.05 0.13 1.00 1.00 1.00 1.00 
EWT (g) -0.06 0.05 0.05 0.05 -0.07 0.06 0.17 -0.02 0.70 0.71 0.70 0.80 0.50 0.35 0.31 0.24 
CWT (g) -0.05 -0.04 0.11 -0.04 -0.07 -0.08 0.15 -0.07 0.46 0.62 0.38 0.46 0.31 0.38 0.21 0.19 
YPP (g) 0.12 0.23 0.13 0.34 0.13 0.22 0.32 0.31 0.72 0.68 0.68 0.66 0.44 0.29 0.19 0.21 
SFL (mm) 0.00 -0.01 0.06 0.02 0.06 0.10 0.17 -0.01 0.75 0.81 0.76 0.69 0.13 0.23 -0.09 0.16 
CBL (mm) -0.02 -0.06 0.02 0.00 0.02 0.01 0.08 0.02 0.64 0.68 0.46 0.46 0.06 0.18 -0.18 0.01 
PSF 0.03 0.06 -0.01 -0.01 0.07 0.10 0.08 -0.09 0.53 0.39 0.43 0.26 0.25 0.01 0.08 0.06 
ERD (mm) -0.18 -0.03 -0.10 0.04 -0.15 -0.01 0.03 0.04 0.37 0.44 0.30 0.47 0.59 0.52 0.49 0.30 
CBD (mm) -0.12 -0.11 -0.06 -0.04 -0.11 0.07 0.00 -0.01 0.16 0.14 0.01 0.12 0.36 0.29 0.40 0.30 
ERC (mm) -0.18 -0.03 -0.10 0.04 -0.15 -0.01 0.03 0.04 0.37 0.44 0.30 0.47 0.59 0.52 0.49 0.30 
AKW (mm) 0.22 -0.07 0.28 0.01 0.18 -0.04 0.26 -0.04 -0.21 -0.10 0.11 0.03 -0.84 -0.78 -0.81 -0.72 
AKH (mm) 0.08 -0.14 0.22 -0.07 0.08 -0.21 0.04 -0.06 -0.61 -0.60 -0.54 -0.55 -0.30 -0.41 -0.16 -0.08 
AKL (mm) -0.10 0.07 -0.07 0.19 -0.08 -0.07 0.04 0.22 0.29 0.37 0.38 -0.14 0.36 0.33 0.27 -0.07 
EKV (mm
3
) 0.09 -0.05 0.27 -0.08 0.12 -0.04 0.12 -0.07 -0.51 -0.35 -0.38 -0.37 -0.39 -0.38 -0.30 -0.23 
AKWT (g) 0.13 -0.15 -0.04 -0.03 0.14 -0.23 -0.10 -0.02 -0.04 -0.07 0.01 0.04 -0.03 -0.09 0.05 -0.07 
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          Correlation between 0.75 and 1 or -0.75 and -1 
           
62 
 
Table 1.12 Continued 
       
 
N182 N0 N182 N0 N182 N0 N182 N0
 
EWT (g) CWT (g) YPP (g) SFL (mm) 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) 0.53 0.39 0.34 0.19 0.56 0.37 0.38 0.17 0.56 0.44 0.30 0.17 0.20 0.15 0.18 -0.01 
EHT (cm) 0.52 0.42 0.33 0.28 0.51 0.36 0.31 0.23 0.56 0.49 0.27 0.21 0.19 0.16 0.14 0.07 
SG1 -0.18 -0.16 -0.36 -0.24 -0.14 -0.22 -0.43 -0.42 -0.17 -0.06 -0.27 -0.13 -0.24 -0.14 -0.28 -0.37 
SG2 -0.15 -0.14 -0.31 -0.17 -0.18 -0.30 -0.35 -0.38 -0.16 -0.08 -0.29 -0.08 -0.26 -0.27 -0.23 -0.28 
SG3 -0.04 -0.14 -0.35 -0.27 -0.07 -0.22 -0.43 -0.34 -0.05 -0.11 -0.33 -0.21 -0.01 -0.15 -0.09 -0.18 
SGA -0.12 -0.18 -0.37 -0.25 -0.14 -0.30 -0.44 -0.44 -0.13 -0.11 -0.33 -0.16 -0.16 -0.23 -0.22 -0.32 
DFF -0.43 -0.37 -0.33 -0.45 -0.07 -0.09 0.08 0.03 -0.45 -0.44 -0.35 -0.51 -0.08 -0.22 -0.20 -0.28 
DMF -0.38 -0.29 -0.21 -0.27 -0.12 -0.03 0.09 0.15 -0.43 -0.35 -0.25 -0.31 0.05 -0.06 -0.04 -0.07 
ASI -0.29 -0.23 -0.30 -0.38 0.01 -0.11 0.03 -0.12 -0.26 -0.26 -0.28 -0.43 -0.18 -0.30 -0.28 -0.36 
SPAD1 0.29 0.12 0.15 0.05 0.44 0.07 0.29 0.10 0.24 0.15 0.15 0.10 -0.04 0.10 -0.08 0.05 
SPAD2 0.30 0.34 0.30 0.29 0.46 0.39 0.41 0.40 0.26 0.35 0.29 0.24 0.20 0.27 0.11 0.28 
dSPAD -0.05 -0.22 -0.24 -0.27 -0.10 -0.30 -0.25 -0.34 -0.06 -0.21 -0.23 -0.17 -0.25 -0.19 -0.21 -0.25 
EPP -0.06 0.05 0.05 0.05 -0.05 -0.04 0.11 -0.04 0.12 0.23 0.13 0.34 0.00 -0.01 0.06 0.02 
SEPP -0.07 0.06 0.17 -0.02 -0.07 -0.08 0.15 -0.07 0.13 0.22 0.32 0.31 0.06 0.10 0.17 -0.01 
KPR 0.70 0.71 0.70 0.80 0.46 0.62 0.38 0.46 0.72 0.68 0.68 0.66 0.75 0.81 0.76 0.69 
RPE 0.50 0.35 0.31 0.24 0.31 0.38 0.21 0.19 0.44 0.29 0.19 0.21 0.13 0.23 -0.09 0.16 
EWT (g) 1.00 1.00 1.00 1.00 0.77 0.67 0.73 0.68 0.91 0.94 0.84 0.85 0.56 0.64 0.56 0.78 
CWT (g) 0.77 0.67 0.73 0.68 1.00 1.00 1.00 1.00 0.67 0.56 0.60 0.49 0.50 0.67 0.39 0.60 
YPP (g) 0.91 0.94 0.84 0.85 0.67 0.56 0.60 0.49 1.00 1.00 1.00 1.00 0.51 0.55 0.57 0.64 
SFL (mm) 0.56 0.64 0.56 0.78 0.50 0.67 0.39 0.60 0.51 0.55 0.57 0.64 1.00 1.00 1.00 1.00 
CBL (mm) 0.44 0.55 0.27 0.52 0.51 0.73 0.33 0.66 0.39 0.45 0.24 0.39 0.91 0.88 0.59 0.74 
PSF 0.46 0.30 0.29 0.30 0.17 0.09 -0.06 0.11 0.45 0.29 0.41 0.18 0.57 0.45 0.56 0.32 
ERD (mm) 0.61 0.49 0.67 0.65 0.53 0.58 0.55 0.61 0.51 0.40 0.52 0.59 0.30 0.50 0.18 0.38 
CBD (mm) 0.30 0.23 0.30 0.29 0.45 0.46 0.50 0.60 0.18 0.13 0.21 0.23 0.31 0.34 0.06 0.21 
ERC (mm) 0.61 0.49 0.67 0.65 0.53 0.58 0.55 0.61 0.51 0.40 0.52 0.59 0.30 0.50 0.18 0.38 
AKW (mm) -0.25 -0.08 0.06 -0.03 -0.07 -0.07 0.11 0.04 -0.24 -0.09 0.10 -0.02 -0.02 0.02 0.21 -0.01 
AKH (mm) -0.38 -0.38 -0.36 -0.44 -0.09 -0.30 -0.02 -0.16 -0.45 -0.41 -0.39 -0.45 -0.17 -0.34 -0.13 -0.23 
AKL (mm) 0.44 0.35 0.60 -0.12 0.19 0.23 0.25 -0.08 0.45 0.34 0.48 -0.04 0.05 0.25 0.17 -0.13 
EKV (mm
3
) -0.23 -0.16 -0.13 -0.24 -0.02 -0.13 0.10 -0.04 -0.30 -0.18 -0.18 -0.27 -0.10 -0.06 0.03 -0.09 
AKWT (g) 0.12 0.10 -0.07 -0.01 0.12 0.05 -0.01 -0.04 0.12 0.11 -0.08 -0.02 -0.01 -0.02 -0.05 0.04 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
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CBL (mm) PSF ERD (mm) CBD (mm) 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) 0.14 0.12 0.06 -0.05 0.19 0.12 0.13 0.05 -0.05 -0.03 -0.01 0.02 -0.08 -0.18 -0.02 -0.16 
EHT (cm) 0.14 0.09 0.01 -0.08 0.17 0.18 0.19 0.14 -0.05 -0.02 -0.02 0.07 -0.10 -0.16 -0.14 -0.13 
SG1 -0.24 -0.34 -0.31 -0.55 -0.10 0.28 0.08 -0.04 -0.21 -0.23 -0.38 -0.30 -0.10 -0.20 -0.38 -0.36 
SG2 -0.25 -0.40 -0.29 -0.52 -0.12 0.08 0.16 0.01 -0.27 -0.31 -0.38 -0.32 -0.22 -0.27 -0.39 -0.32 
SG3 -0.01 -0.23 -0.19 -0.26 0.01 0.11 0.12 -0.05 -0.16 -0.14 -0.33 -0.25 -0.09 -0.09 -0.25 -0.11 
SGA -0.16 -0.38 -0.30 -0.51 -0.07 0.16 0.14 -0.03 -0.24 -0.26 -0.41 -0.34 -0.16 -0.21 -0.39 -0.31 
DFF 0.04 -0.08 0.10 0.04 -0.27 -0.18 -0.43 -0.16 -0.16 -0.11 -0.05 -0.10 0.12 0.14 0.26 0.23 
DMF 0.15 0.09 0.20 0.31 -0.18 -0.15 -0.40 -0.22 0.00 0.02 0.04 0.00 0.23 0.22 0.31 0.30 
ASI -0.09 -0.28 -0.08 -0.32 -0.24 -0.09 -0.25 0.02 -0.25 -0.21 -0.14 -0.14 -0.03 -0.05 0.07 0.01 
SPAD1 0.02 -0.05 -0.11 -0.05 -0.12 0.25 -0.08 0.03 0.12 0.02 0.22 0.04 0.07 0.02 0.22 0.01 
SPAD2 0.26 0.24 0.07 0.29 -0.04 0.12 -0.05 0.08 0.22 0.21 0.32 0.34 0.15 0.23 0.31 0.28 
dSPAD -0.26 -0.27 -0.18 -0.34 -0.07 0.06 -0.01 -0.06 -0.10 -0.19 -0.20 -0.32 -0.09 -0.22 -0.18 -0.29 
EPP -0.02 -0.06 0.02 0.00 0.03 0.06 -0.01 -0.01 -0.18 -0.03 -0.10 0.04 -0.12 -0.11 -0.06 -0.04 
SEPP 0.02 0.01 0.08 0.02 0.07 0.10 0.08 -0.09 -0.15 -0.01 0.03 0.04 -0.11 0.07 0.00 -0.01 
KPR 0.64 0.68 0.46 0.46 0.53 0.39 0.43 0.26 0.37 0.44 0.30 0.47 0.16 0.14 0.01 0.12 
RPE 0.06 0.18 -0.18 0.01 0.25 0.01 0.08 0.06 0.59 0.52 0.49 0.30 0.36 0.29 0.40 0.30 
EWT (g) 0.44 0.55 0.27 0.52 0.46 0.30 0.29 0.30 0.61 0.49 0.67 0.65 0.30 0.23 0.30 0.29 
CWT (g) 0.51 0.73 0.33 0.66 0.17 0.09 -0.06 0.11 0.53 0.58 0.55 0.61 0.45 0.46 0.50 0.60 
YPP (g) 0.39 0.45 0.24 0.39 0.45 0.29 0.41 0.18 0.51 0.40 0.52 0.59 0.18 0.13 0.21 0.23 
SFL (mm) 0.91 0.88 0.59 0.74 0.57 0.45 0.56 0.32 0.30 0.50 0.18 0.38 0.31 0.34 0.06 0.21 
CBL (mm) 1.00 1.00 1.00 1.00 0.19 0.04 -0.08 -0.09 0.25 0.54 0.05 0.30 0.34 0.39 0.12 0.33 
PSF 0.19 0.04 -0.08 -0.09 1.00 1.00 1.00 1.00 0.25 -0.01 0.09 0.09 0.09 0.01 -0.19 -0.10 
ERD (mm) 0.25 0.54 0.05 0.30 0.25 -0.01 0.09 0.09 1.00 1.00 1.00 1.00 0.62 0.55 0.65 0.70 
CBD (mm) 0.34 0.39 0.12 0.33 0.09 0.01 -0.19 -0.10 0.62 0.55 0.65 0.70 1.00 1.00 1.00 1.00 
ERC (mm) 0.25 0.54 0.05 0.30 0.25 -0.01 0.09 0.09 1.00 1.00 1.00 1.00 0.62 0.55 0.65 0.70 
AKW (mm) 0.03 0.10 0.25 0.21 -0.18 0.04 -0.05 -0.07 -0.12 0.06 0.06 0.07 -0.07 0.03 -0.05 -0.04 
AKH (mm) -0.03 -0.27 0.02 -0.04 -0.35 0.12 -0.29 -0.15 -0.24 -0.39 -0.20 -0.30 0.08 -0.04 0.11 -0.01 
AKL (mm) -0.05 0.25 -0.05 -0.05 0.21 -0.04 0.30 -0.06 0.60 0.62 0.70 -0.04 -0.26 -0.31 -0.09 -0.06 
EKV (mm
3
) -0.01 0.00 0.09 0.06 -0.25 0.00 -0.15 -0.07 0.06 0.19 0.07 -0.02 -0.06 -0.04 0.09 -0.02 
AKWT (g) -0.02 0.07 -0.02 0.00 0.03 -0.17 -0.04 0.02 0.07 0.05 -0.03 -0.09 0.05 0.00 -0.02 -0.09 
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ERC (mm) AKW (mm) AKH (mm) AKL (mm) 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) -0.05 -0.03 -0.01 0.02 -0.16 -0.11 -0.03 0.12 -0.09 -0.19 -0.11 -0.07 0.02 0.13 0.01 -0.11 
EHT (cm) -0.05 -0.02 -0.02 0.07 -0.09 -0.16 -0.07 0.04 -0.15 -0.20 -0.09 -0.10 0.05 0.13 0.11 -0.12 
SG1 -0.21 -0.23 -0.38 -0.30 -0.13 -0.16 -0.22 -0.19 -0.16 -0.06 -0.18 -0.07 -0.15 -0.07 -0.14 -0.06 
SG2 -0.27 -0.31 -0.38 -0.32 -0.18 -0.21 -0.25 -0.34 -0.17 -0.05 -0.14 -0.12 -0.11 -0.09 -0.14 -0.10 
SG3 -0.16 -0.14 -0.33 -0.25 -0.12 -0.10 -0.19 -0.30 -0.02 0.09 -0.06 -0.02 -0.10 -0.08 -0.20 -0.13 
SGA -0.24 -0.26 -0.41 -0.34 -0.17 -0.18 -0.25 -0.34 -0.11 0.02 -0.14 -0.08 -0.14 -0.10 -0.18 -0.11 
DFF -0.16 -0.11 -0.05 -0.10 0.26 0.10 0.14 0.09 0.44 0.42 0.40 0.48 -0.32 -0.27 -0.32 -0.01 
DMF 0.00 0.02 0.04 0.00 0.25 0.19 0.17 0.17 0.33 0.35 0.31 0.37 -0.23 -0.19 -0.24 0.03 
ASI -0.25 -0.21 -0.14 -0.14 0.14 -0.11 0.03 -0.07 0.35 0.24 0.27 0.33 -0.27 -0.20 -0.25 -0.06 
SPAD1 0.12 0.02 0.22 0.04 -0.15 -0.06 -0.05 -0.08 0.10 -0.04 0.07 -0.02 0.08 0.00 0.08 0.11 
SPAD2 0.22 0.21 0.32 0.34 -0.02 -0.07 0.15 0.11 0.07 -0.10 0.08 -0.06 0.11 0.02 0.13 0.07 
dSPAD -0.10 -0.19 -0.20 -0.32 -0.11 0.02 -0.23 -0.17 0.02 0.06 -0.04 0.05 -0.04 -0.01 -0.10 0.01 
EPP -0.18 -0.03 -0.10 0.04 0.22 -0.07 0.28 0.01 0.08 -0.14 0.22 -0.07 -0.10 0.07 -0.07 0.19 
SEPP -0.15 -0.01 0.03 0.04 0.18 -0.04 0.26 -0.04 0.08 -0.21 0.04 -0.06 -0.08 -0.07 0.04 0.22 
KPR 0.37 0.44 0.30 0.47 -0.21 -0.10 0.11 0.03 -0.61 -0.60 -0.54 -0.55 0.29 0.37 0.38 -0.14 
RPE 0.59 0.52 0.49 0.30 -0.84 -0.78 -0.81 -0.72 -0.30 -0.41 -0.16 -0.08 0.36 0.33 0.27 -0.07 
EWT (g) 0.61 0.49 0.67 0.65 -0.25 -0.08 0.06 -0.03 -0.38 -0.38 -0.36 -0.44 0.44 0.35 0.60 -0.12 
CWT (g) 0.53 0.58 0.55 0.61 -0.07 -0.07 0.11 0.04 -0.09 -0.30 -0.02 -0.16 0.19 0.23 0.25 -0.08 
YPP (g) 0.51 0.40 0.52 0.59 -0.24 -0.09 0.10 -0.02 -0.45 -0.41 -0.39 -0.45 0.45 0.34 0.48 -0.04 
SFL (mm) 0.30 0.50 0.18 0.38 -0.02 0.02 0.21 -0.01 -0.17 -0.34 -0.13 -0.23 0.05 0.25 0.17 -0.13 
CBL (mm) 0.25 0.54 0.05 0.30 0.03 0.10 0.25 0.21 -0.03 -0.27 0.02 -0.04 -0.05 0.25 -0.05 -0.05 
PSF 0.25 -0.01 0.09 0.09 -0.18 0.04 -0.05 -0.07 -0.35 0.12 -0.29 -0.15 0.21 -0.04 0.30 -0.06 
ERD (mm) 1.00 1.00 1.00 1.00 -0.12 0.06 0.06 0.07 -0.24 -0.39 -0.20 -0.30 0.60 0.62 0.70 -0.04 
CBD (mm) 0.62 0.55 0.65 0.70 -0.07 0.03 -0.05 -0.04 0.08 -0.04 0.11 -0.01 -0.26 -0.31 -0.09 -0.06 
ERC (mm) 1.00 1.00 1.00 1.00 -0.12 0.06 0.06 0.07 -0.24 -0.39 -0.20 -0.30 0.60 0.62 0.70 -0.04 
AKW (mm) -0.12 0.06 0.06 0.07 1.00 1.00 1.00 1.00 0.27 0.33 0.07 -0.05 -0.07 0.01 0.12 0.09 
AKH (mm) -0.24 -0.39 -0.20 -0.30 0.27 0.33 0.07 -0.05 1.00 1.00 1.00 1.00 -0.38 -0.44 -0.36 0.10 
AKL (mm) 0.60 0.62 0.70 -0.04 -0.07 0.01 0.12 0.09 -0.38 -0.44 -0.36 0.10 1.00 1.00 1.00 1.00 
EKV (mm
3
) 0.06 0.19 0.07 -0.02 0.57 0.64 0.41 0.28 0.79 0.53 0.87 0.74 0.13 0.23 0.01 -0.16 
AKWT (g) 0.07 0.05 -0.03 -0.09 0.07 0.14 0.03 0.06 0.03 0.15 -0.05 -0.03 0.04 0.06 -0.02 -0.01 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
          Correlation between 0.75 and 1 or -0.75 and -1 
           
65 
 
Table 1.12 Continued 
      
 
N182 N0 N182 N0 
 
EKV (mm
3
) AKWT (g) 
Trait RC1 RC2 RC1 RC2 RC1 RC2 RC1 RC2 
PHT (cm) -0.17 -0.18 -0.11 0.08 0.12 0.08 -0.10 0.11 
EHT (cm) -0.18 -0.19 -0.07 0.05 0.11 0.04 -0.05 0.01 
SG1 -0.27 -0.19 -0.29 -0.08 -0.09 -0.06 0.03 0.11 
SG2 -0.29 -0.20 -0.27 -0.22 -0.14 -0.05 0.07 0.10 
SG3 -0.14 0.00 -0.19 -0.13 -0.06 -0.09 0.13 0.06 
SGA -0.26 -0.12 -0.28 -0.18 -0.11 -0.09 0.09 0.11 
DFF 0.38 0.16 0.34 0.40 -0.08 0.04 0.11 -0.14 
DMF 0.33 0.24 0.29 0.31 -0.07 -0.05 0.08 -0.07 
ASI 0.24 -0.05 0.19 0.27 -0.06 0.12 0.08 -0.13 
SPAD1 0.06 -0.02 0.10 -0.08 0.17 -0.09 -0.06 -0.06 
SPAD2 0.12 -0.09 0.19 -0.01 0.13 0.02 -0.15 -0.05 
dSPAD -0.06 0.07 -0.15 -0.05 0.02 -0.08 0.13 0.01 
EPP 0.09 -0.05 0.27 -0.08 0.13 -0.15 -0.04 -0.03 
SEPP 0.12 -0.04 0.12 -0.07 0.14 -0.23 -0.10 -0.02 
KPR -0.51 -0.35 -0.38 -0.37 -0.04 -0.07 0.01 0.04 
RPE -0.39 -0.38 -0.30 -0.23 -0.03 -0.09 0.05 -0.07 
EWT (g) -0.23 -0.16 -0.13 -0.24 0.12 0.10 -0.07 -0.01 
CWT (g) -0.02 -0.13 0.10 -0.04 0.12 0.05 -0.01 -0.04 
YPP (g) -0.30 -0.18 -0.18 -0.27 0.12 0.11 -0.08 -0.02 
SFL (mm) -0.10 -0.06 0.03 -0.09 -0.01 -0.02 -0.05 0.04 
CBL (mm) -0.01 0.00 0.09 0.06 -0.02 0.07 -0.02 0.00 
PSF -0.25 0.00 -0.15 -0.07 0.03 -0.17 -0.04 0.02 
ERD (mm) 0.06 0.19 0.07 -0.02 0.07 0.05 -0.03 -0.09 
CBD (mm) -0.06 -0.04 0.09 -0.02 0.05 0.00 -0.02 -0.09 
ERC (mm) 0.06 0.19 0.07 -0.02 0.07 0.05 -0.03 -0.09 
AKW (mm) 0.57 0.64 0.41 0.28 0.07 0.14 0.03 0.06 
AKH (mm) 0.79 0.53 0.87 0.74 0.03 0.15 -0.05 -0.03 
AKL (mm) 0.13 0.23 0.01 -0.16 0.04 0.06 -0.02 -0.01 
EKV (mm
3
) 1.00 1.00 1.00 1.00 0.07 0.06 -0.06 -0.02 
AKWT (g) 0.07 0.06 -0.06 -0.02 1.00 1.00 1.00 1.00 
Correlation between 0.5 and 0.75 or -0.5 and -0.75 
  Correlation between 0.75 and 1 or -0.75 and -1 
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Table 1.13 Yield per Plant contrasts for each RIL across N treatments as well as subsequent 
t-tests and NUE estimates in gyield plant
-1 kgN
-1 
Contrast Estimate SE DF t Value Pr > |t| NUE RC 
YPP MO062 N182 v MO062 N0 16.1723 15.965 63 1.01 0.3149 0.0889 2 
YPP MO063 N182 v MO063 N0 -6.6328 15.492 63 -0.43 0.67 -0.0364 2 
YPP MO075 N182 v MO075 N0 19.8295 15.49 63 1.28 0.2052 0.1090 2 
YPP MO076 N182 v MO076 N0 -2.9755 15.491 63 -0.19 0.8483 -0.0163 2 
YPP MO080 N182 v MO080 N0 1.2373 15.492 63 0.08 0.9366 0.0068 1 
YPP MO086 N182 v MO086 N0 -6.4712 15.493 63 -0.42 0.6776 -0.0356 2 
YPP MO088 N182 v MO088 N0 6.5274 15.493 63 0.42 0.675 0.0359 2 
YPP MO092 N182 v MO092 N0 2.2579 15.519 63 0.15 0.8848 0.0124 1 
YPP MO098 N182 v MO098 N0 -14.394 15.994 63 -0.9 0.3716 -0.0791 2 
YPP MO105 N182 v MO105 N0 11.0506 19.464 63 0.57 0.5722 0.0607 1 
YPP MO129 N182 v MO129 N0 8.584 15.963 63 0.54 0.5926 0.0472 1 
YPP MO132 N182 v MO132 N0 -2.5477 15.489 63 -0.16 0.8699 -0.0140 1 
YPP MO133 N182 v MO133 N0 18.6221 15.49 63 1.2 0.2338 0.1023 1 
YPP MO136 N182 v MO136 N0 -9.2605 15.546 63 -0.6 0.5535 -0.0509 1 
YPP MO142 N182 v MO142 N0 10.9586 15.995 63 0.69 0.4958 0.0602 1 
YPP MO145 N182 v MO145 N0 14.6178 15.49 63 0.94 0.3489 0.0803 1 
YPP MO150 N182 v MO150 N0 2.812 15.517 63 0.18 0.8568 0.0155 1 
YPP MO153 N182 v MO153 N0 2.0491 15.52 63 0.13 0.8954 0.0113 2 
YPP MO154 N182 v MO154 N0 21.2119 15.491 63 1.37 0.1758 0.1165 2 
YPP MO156 N182 v MO156 N0 20.6361 15.491 63 1.33 0.1876 0.1134 1 
YPP MO159 N182 v MO159 N0 23.3862 15.49 63 1.51 0.1361 0.1285 2 
YPP MO160 N182 v MO160 N0 24.4824 16.028 63 1.53 0.1317 0.1345 2 
YPP MO161 N182 v MO161 N0 43.0178 15.519 63 2.77 0.0073 0.2364 2 
YPP MO162 N182 v MO162 N0 44.3282 15.492 63 2.86 0.0057 0.2436 2 
YPP MO163 N182 v MO163 N0 -3.1102 15.49 63 -0.2 0.8415 -0.0171 1 
YPP MO170 N182 v MO170 N0 4.5759 19.545 63 0.23 0.8156 0.0251 1 
YPP MO176 N182 v MO176 N0 20.4326 15.492 63 1.32 0.192 0.1123 1 
YPP MO177 N182 v MO177 N0 12.9303 15.493 63 0.83 0.4071 0.0710 2 
YPP MO181 N182 v MO181 N0 11.8573 15.49 63 0.77 0.4468 0.0652 1 
YPP MO182 N182 v MO182 N0 23.6503 15.518 63 1.52 0.1325 0.1299 2 
YPP MO186 N182 v MO186 N0 14.2059 15.493 63 0.92 0.3627 0.0781 1 
YPP MO194 N182 v MO194 N0 -2.0096 15.492 63 -0.13 0.8972 -0.0110 2 
Significant at P < 0.05        
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Table 1.13 Continued  
Contrast Estimate SE DF t Value Pr > |t| NUE RC 
YPP MO194 N182 v MO194 N0 -2.0096 15.492 63 -0.13 0.8972 -0.0110 2 
YPP MO195 N182 v MO195 N0 -4.2907 15.963 63 -0.27 0.789 -0.0236 2 
YPP MO196 N182 v MO196 N0 -10.3013 15.517 63 -0.66 0.5092 -0.0566 1 
YPP MO198 N182 v MO198 N0 5.6615 15.519 63 0.36 0.7165 0.0311 2 
YPP MO205 N182 v MO205 N0 7.4579 15.52 63 0.48 0.6325 0.0410 1 
YPP MO210 N182 v MO210 N0 7.7532 15.517 63 0.5 0.6191 0.0426 1 
YPP MO213 N182 v MO213 N0 1.6171 15.519 63 0.1 0.9173 0.0089 2 
YPP MO220 N182 v MO220 N0 7.5005 15.963 63 0.47 0.6401 0.0412 2 
YPP MO228 N182 v MO228 N0 -1.7351 15.518 63 -0.11 0.9113 -0.0095 1 
YPP MO230 N182 v MO230 N0 9.8026 15.517 63 0.63 0.5298 0.0539 1 
YPP MO233 N182 v MO233 N0 3.8834 15.491 63 0.25 0.8029 0.0213 2 
YPP MO236 N182 v MO236 N0 10.5087 15.517 63 0.68 0.5007 0.0577 2 
YPP MO241 N182 v MO241 N0 26.9859 15.518 63 1.74 0.0869 0.1483 1 
YPP MO244 N182 v MO244 N0 11.849 15.491 63 0.76 0.4472 0.0651 1 
YPP MO246 N182 v MO246 N0 15.2331 15.491 63 0.98 0.3292 0.0837 2 
YPP MO258 N182 v MO258 N0 1.8602 15.517 63 0.12 0.905 0.0102 1 
YPP MO262 N182 v MO262 N0 5.1032 15.516 63 0.33 0.7433 0.0280 2 
YPP MO278 N182 v MO278 N0 6.9436 15.518 63 0.45 0.6561 0.0382 2 
YPP MO283 N182 v MO283 N0 10.4066 15.519 63 0.67 0.5049 0.0572 1 
YPP MO284 N182 v MO284 N0 41.2429 15.995 63 2.58 0.0123 0.2266 1 
YPP MO309 N182 v MO309 N0 41.0277 15.492 63 2.65 0.0102 0.2254 1 
YPP MO311 N182 v MO311 N0 3.0601 15.571 63 0.2 0.8448 0.0168 1 
YPP MO315 N182 v MO315 N0 10.6235 15.492 63 0.69 0.4954 0.0584 2 
YPP MO321 N182 v MO321 N0 6.3265 15.49 63 0.41 0.6843 0.0348 1 
YPP MO346 N182 v MO346 N0 3.0875 15.519 63 0.2 0.8429 0.0170 2 
YPP MO355 N182 v MO355 N0 -4.4902 15.573 63 -0.29 0.774 -0.0247 2 
YPP MO364 N182 v MO364 N0 31.4798 15.492 63 2.03 0.0464 0.1730 2 
YPP MO374 N182 v MO374 N0 2.9159 15.518 63 0.19 0.8516 0.0160 1 
YPP MO376 N182 v MO376 N0 4.5529 15.547 63 0.29 0.7706 0.0250 2 
YPP MO379 N182 v MO379 N0 -6.1579 15.491 63 -0.4 0.6923 -0.0338 1 
YPP MO380 N182 v MO380 N0 12.617 15.49 63 0.81 0.4184 0.0693 1 
Significant at P < 0.05        
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Table 1.14 Narrow-sense heritabilities and variance components as well as dominance significances and their level for each 
trait in the N182 treatment 
 
N182 
Trait Var(RIL) Var(A) Var(D) Var(Yr*Ent) Var(Yr*Par*Ent) Var(e) 
Significance of 
Dominance  
(p-value) 
Dominance 
Level h² 
PHT (cm) 48.829 195.314 33.179 0.000 9.491 50.030 0.0044 1.29 0.81 
EHT (cm) 34.177 136.710 10.545 0.000 17.452 40.421 0.1494 0.72 0.84 
SG1 0.052 0.209 0.000 0.000 0.058 0.225 0.7231 0.00 0.76 
SG2 0.142 0.568 0.043 0.000 0.247 0.361 0.3481 0.53 0.71 
SG3 0.235 0.939 0.043 0.028 0.210 0.320 0.3252 0.54 0.81 
SGA 0.116 0.465 0.018 0.000 0.152 0.156 0.3854 0.41 0.80 
DFF 0.582 2.327 0.158 0.121 0.215 1.057 0.1975 0.30 0.82 
DMF. 0.280 1.120 0.154 0.449 0.146 1.247 0.2056 0.38 0.63 
ASI 0.040 0.160 0.000 0.028 0.213 0.743 0.6663 0.00 0.40 
SPAD1 1.401 5.603 0.541 0.000 1.524 5.423 0.3013 0.34 0.72 
SPAD2 2.826 11.304 0.000 0.000 6.221 11.198 0.743 0.00 0.69 
dSPAD 1.580 6.319 0.000 0.000 3.255 15.568 0.8725 0.00 0.60 
        
Mean h
2
 =  0.72 
Significant p-value at P < 0.05 
        approx. 0.1 or greater difference in h2 compared to other N treatment 
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Table 1.15 Narrow-sense heritabilities and variance components as well as dominance significances and their level for each 
trait in the N0 treatment 
 
N0 
Trait Var(RIL) Var(A) Var(D) Var(Yr*Ent) Var(Yr*Par*Ent) Var(e) 
Significance of 
Dominance   
(p-value) 
Dominance 
Level h² 
PHT (cm) 31.100 124.400 29.074 19.638 0.106 61.452 0.0038 0.68 0.72 
EHT (cm) 21.431 85.725 14.429 10.413 8.310 39.302 0.0428 0.58 0.74 
SG1 0.012 0.050 0.006 0.024 0.041 0.187 0.4273 0.51 0.42 
SG2 0.220 0.880 0.000 0.006 0.350 0.396 0.7283 0.00 0.78 
SG3 0.043 0.173 0.000 0.029 0.356 0.261 0.9636 0.00 0.42 
SGA 0.128 0.514 0.000 0.025 0.164 0.149 0.78 0.00 0.81 
DFF 0.790 3.160 0.538 0.321 0.047 1.349 0.0106 0.58 0.77 
DMF. 0.473 1.892 0.000 0.084 0.282 1.098 0.5354 0.00 0.84 
ASI 0.007 0.026 0.181 0.249 0.000 0.724 0.0237 3.72 0.06 
SPAD1 2.540 10.160 0.878 0.737 0.438 9.578 0.2362 0.42 0.77 
SPAD2 1.846 7.384 0.000 0.000 10.225 21.784 0.6837 0.00 0.46 
dSPAD 1.704 6.817 0.000 1.700 7.392 25.964 0.9216 0.00 0.43 
        
Mean h
2
 =  0.60 
Significant p-value at P < 0.05 
        approx. 0.1 or greater difference in h2 compared to other N treatment 
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Table 1.16 QTL on Chromosome 1 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SPAD1 1 14 - 37.8 umc1566 umc94a 1.01 umc1566**, umc94a* 
SG1 1 68.6 - 89.2 php20537b php20603 1.01 php20537b*, php20603* 
SG2 1 112.7 pmcb1 pmcb1 1.02 pmcb1* 
SG3 1 112.7 pmcb1 pmcb1 1.02 pmcb1* 
SGA 1 112.7 pmcb1 pmcb1 1.02 pmcb1** 
DFF 1 131.1 umc1166 umc1166 1.02 umc1166* 
SPAD1 1 131.1 umc1166 umc1166 1.02 umc1166* 
YPP 1 158.1 umc1976 umc1976 1.02 umc1976* 
DMF 1 131.1 - 139.3 umc1166 umc1568 1.02 umc1166**, umc1568** 
SPAD2 1 131.1 - 287.9 umc1166 phi109275 1.02 - 1.03 
umc1166***, umc1976*, bnlg1953*, bnlg1484*, AY109929*, 
asg35b**, mmp23***, phi109275* 
SFL 1 158.1 - 214.3 umc1976 npi439a 1.02 - 1.03 umc1976*, umc76a**, umc1403**, npi439a** 
CBL 1 158.1 - 214.3 umc1976 npi439a 1.02 - 1.03 umc1976*, umc76a**, umc1403**, npi439a** 
dSPAD 1 167.5 - 227.1 bnlg1953 AY110052 1.02 - 1.03 bnlg1953*, umc1403**, bnlg1484**, AY110052** 
AKL 1 216.5 AY109929 AY109929 1.03 AY109929* 
SG1 1 214.3 - 243.8 npi439a AY110028 1.03 npi439a*, bnlg1484*, AY109929*, AY110052**, AY110028* 
SG2 1 214.3 - 256.8 npi439a bnlg1203 1.03 
npi439a*, bnlg1484**, AY109929**, AY110052**, AY110028**, 
npi242b*, bnlg1203* 
SGA 1 227.1 - 290.5 AY110052 bnl12.06a 1.03 AY110052**, AY110028***, bnlg1203*, bnl12.06a* 
DMF 1 271.4 - 316.5 asg35b umc2145 1.03 asg35b*, mmp23**, mmp100**, umc2145* 
DFF 1 283.7 - 308.9 mmp23 mmp100 1.03 mmp23*, mmp100** 
SPAD1 1 271.4 - 324.2 asg35b bnlg2238 1.03 - 1.04 asg35b**, mmp23***, phi109275*, bnlg2238*** 
SG3 1 243.8 - 411.2 AY110028 lim497 1.03 - 1.05 
AY110028***, bnl12.06a*, umc1849*, umc2227***, umc1917*, 
bnl9.11b(lts)***, umc2229**, umc2112**, csu3***, lim497** 
SFL 1 348.1 AY110330 AY110330 1.04 AY110330* 
CBL 1 348.1 AY110330 AY110330 1.04 AY110330* 
SPAD1 1 381.1 - 398.8 ufg43 umc2112 1.04 ufg43*, bnl9.11b(lts)*, umc2112* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.16 Continued 
Trait Chr. QTL Range (cM) LFM RFM BIN Significant Markers in Range 
SGA 1 358.4 - 470.7 umc2227 umc1321 1.04 - 1.05 
umc2227**, bnl9.11b(lts)***, umc2229***, umc2112***, 
csu3**,lim497**, umc2025*, umc1515**, uaz246c(mbf)*, 
umc1321* 
dSPAD 1 388.3 - 402.5 bnl9.11b(lts) csu3 1.04 - 1.05 bnl9.11b(lts)**, umc2229**, csu3** 
SG2 1 388.3 - 470.7 bnl9.11b(lts) umc1321 1.04 - 1.05 
bnl9.11b(lts)*, umc2229**, umc2112**, csu3*, lim497**, 
umc1515**, umc1321* 
DMF 1 394.8 - 414.5 umc2229 umc2025 1.04 - 1.05 umc2229*, csu3**, lim497**, umc2025** 
SG1 1 394.8 - 470.7 umc2229 umc1321 1.04 - 1.05 
umc2229**, umc2112*, umc2025*, umc1515**, 
uaz246c(mbf)*, umc1076*, rs2*, umc1321** 
PHT 1 402.5 csu3 csu3 1.05 csu3** 
EHT 1 402.5 csu3 csu3 1.05 csu3** 
CWT 1 402.5 csu3 csu3 1.05 csu3* 
dSPAD 1 462.2 AI855190 AI855190 1.05 AI855190** 
SPAD1 1 466.9 mmp124 mmp124 1.05 mmp124* 
SPAD2 1 402.5 - 466.9 csu3 mmp124 1.05 csu3*, AY110396*, rs2**, AI855190*, mmp124* 
SPAD1 1 573.4 umc58 umc58 1.06 umc58** 
SG3 1 601.3 csu1132 csu1132 1.06 csu1132** 
EWT 1 601.3 csu1132 csu1132 1.06 csu1132** 
YPP 1 601.3 csu1132 csu1132 1.06 csu1132** 
SPAD1 1 517.9 - 523.2 bnl5.59a asg58 1.06 bnl5.59a***, asg58** 
SPAD2 1 517.9 - 526.5 bnl5.59a umc2234 1.06 bnl5.59a**, asg58**, umc2234** 
PHT 1 523.2 - 526.5 asg58 umc2234 1.06 asg58*, umc2234* 
EHT 1 523.2 - 526.5 asg58 umc2234 1.06 asg58**, umc2234** 
DMF 1 526.5 - 584.5 umc2234 umc1035 1.06 
umc2234**, bnlg1057**, umc1748**, bnlg1615**, 
AY111153**, umc2151**, ntf1**, umc1035** 
DFF 1 545.8 - 584.5 bnlg1057 umc1035 1.06 bnlg1057**, umc1748*, umc1035** 
SG1 1 555.1 - 601.3 bnlg1615 csu1132 1.06 bnlg1615*, AY111153**, csu1132* 
SG2 1 555.1 - 601.3 bnlg1615 csu1132 1.06 bnlg1615*, AY111153**, csu1132** 
SGA 1 558.5 - 601.3 AY111153 csu1132 1.06 AY111153**, csu1132** 
dSPAD 1 561.4 - 601.3 umc2151 csu1132 1.06 umc2151*, umc58*, mmp123*, umc1035*, csu1132** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR) 
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Table 1.16 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
CWT 1 628.1 umc2239 umc2239 1.07 umc2239** 
ERD 1 635.8 umc2238 umc2238 1.07 umc2238* 
ERC 1 635.8 umc2238 umc2238 1.07 umc2238** 
DFF 1 691.1 mmp173 mmp173 1.07 mmp173** 
AKWT 1 691.1 mmp173 mmp173 1.07 mmp173** 
PHT 1 711.9 umc1147 umc1147 1.07 umc1147* 
EWT 1 711.9 umc1147 umc1147 1.07 umc1147* 
SFL 1 711.9 umc1147 umc1147 1.07 umc1147** 
CBL 1 711.9 umc1147 umc1147 1.07 umc1147** 
AKWT 1 604.8 - 639.8 asg62 csu374b 1.07 asg62*, umc2238**, csu374b* 
AKL 1 635.8 - 647 umc2238 bcd98a 1.07 umc2238*, bcd98a* 
EHT 1 682.7 - 711.9 lim442 umc1147 1.07 lim442**, mmp189**, AY110356**, umc1147** 
CWT 1 703.9 - 717.8 AY110356 npi447a 1.07 AY110356*, umc1147**, npi447a* 
SG2 1 682.7 - 737.9 lim442 AY110191 1.07 - 1.08 
lim442*, mmp189*, mmp173**, php20661**, AY110356***, 
umc1147***, AY110313***, AY110191* 
DMF 1 667.31 - 812.7 dmt103c ufg53 1.07 - 1.09 
dmt103c**, mmp173**, php20661*, umc37a*, bnlg2228**, npi255*, 
umc1446**, an1*, umc1991**, umc1383**, AY109506**, ufg53** 
dSPAD 1 682.7 - 877.2 lim442 mmp195d 1.07 - 1.09 
lim442***, mmp189***, mmp173**, php20661***, AY110356***, 
umc1147***, AY110313**, AY110191*, bnlg2228**, umc1955*, 
npi255*, umc1446**, umc1383***, AY109506***, ufg53***, glb1**, 
msu2(iaglu)*, mmp195d** 
SPAD2 1 697.4 - 877.2 php20661 mmp195d 1.07 - 1.09 
php20661**, AY110356***, umc1147**, bnlg2228**, umc1446**, 
umc1991**, umc1383***, AY109506***, ufg53***, chrom7***, 
glb1***, umc140a***, msu2(iaglu)*, mmp195d** 
SG3 1 682.7 - 916.83 lim442 hxa102b 1.07 - 1.10 
lim442*, mmp189**, mmp173**, php20661**, AY110356*, umc1147*, 
AY110313***, bnlg2228**, umc1991**, umc1383***, AY109506***, 
ufg53***, AY110452*, mmp195d*, hxa102b** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.16 Continued 
Trait Chr. QTL Range (cM) LFM RFM BIN Significant Markers in Range 
SGA 1 682.7 - 916.83 lim442 hxa102b 1.07 - 1.10 
lim442**, mmp189**, mmp173***, php20661***, 
AY110356**, umc1147**, AY110313***, AY110191*, 
bnlg2228**, npi255*, umc1446**, an1*, umc1991***, 
umc1383***, AY109506***, ufg53***, AY110452***, 
mmp195d*, hxa102b** 
SG1 1 691.1 - 947.7 mmp173 lim39 1.07 - 1.10 
mmp173**, php20661**, AY110356**, umc1147**, 
npi447a*, AY110313**, umc1955*, npi255**, 
umc1446**, an1*, umc1991**, AY109506**, ufg53**, 
glb1**, AY110452**, umc1431*, AY110019*, 
umc2149**, BE639426**, lim78*, mmp87*, lim39* 
DFF 1 752.7 bnlg2228 bnlg2228 1.08 bnlg2228** 
CBD 1 802.8 umc1383 umc1383 1.08 umc1383** 
SG2 1 779.1 - 852.9 umc1446 AY110452 1.08 - 1.09 
umc1446*, umc1991**, umc1383***, AY109506**, 
ufg53**, glb1***, AY110452** 
CWT 1 798.2 - 836.8 umc1991 glb1 1.08 - 1.09 
umc1991**, umc1383**, AY109506**, ufg53**, 
csu696*, glb1** 
EWT 1 802.8 - 836.8 umc1383 glb1 1.08 - 1.09 umc1383*, glb1** 
YPP 1 836.8 glb1 glb1 1.09 glb1* 
SFL 1 836.8 glb1 glb1 1.09 glb1* 
CBL 1 836.8 glb1 glb1 1.09 glb1* 
SPAD1 1 830.5 - 888.4 chrom7 AY110019 1.09 - 1.10 chrom7**, umc140a***, AY110019* 
CBD 1 883.6 - 928 umc1431 lim78 1.09 - 1.10 
umc1431*, AY110019**, umc2149**, bnlg1671**, 
lim78* 
DMF 1 1007.7 umc1421 umc1421 1.11 umc1421** 
SPAD2 1 1095.5 p-csu1089 p-csu1089 1.11 p-csu1089*** 
SPAD1 1 1011.77 - 1018.9 hon110 bnl8.29a 1.11 hon110***, bnl8.29a** 
SPAD2 1 1011.77 - 1018.9 hon110 bnl8.29a 1.11 hon110***, bnl8.29a* 
SG1 1 1053.4 - 1061.3 p-umc1630 AY110160_SNP 1.11 p-umc1630**, AY110160_SNP* 
SPAD1 1 1089.9 - 1110.7 p-LIM228 p-Bnl6.32 1.11 - 1.12 p-LIM228*, p-csu1089***, p-phi064*, p-Bnl6.32* 
CWT 1 1095.5 - 1114.6 p-csu1089 p-umc1605 1.11 - 1.12 p-csu1089**, p-phi064**, p-Bnl6.32*, p-umc1605** 
EHT 1 1095.5 - 1117.8 p-csu1089 p-umc2244 1.11 - 1.12 p-csu1089**, p-Bnl6.32**, p-umc1605**, p-umc2244** 
EWT 1 1110.7 p-Bnl6.32 p-Bnl6.32 1.12 p-Bnl6.32* 
ASI 1 1114.6 - 1117.8 p-umc1605 p-umc2244 1.12 p-umc1605*, p-umc2244* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.17 QTL on Chromosome 2 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SG3 2 3.8 p-ZmISU53 p-ZmISU53 2.00 p-ZmISU53** 
SGA 2 3.8 - 34.3 p-ZmISU53 p-php20568 2.00 - 2.01 p-ZmISU53**, p-php20568* 
SG1 2 34.3 p-php20568 p-php20568 2.01 p-php20568* 
SG2 2 34.3 p-php20568 p-php20568 2.01 p-php20568** 
EWT 2 34.3 - 59.9 p-php20568 p-Bnlg1297 2.01 - 2.02 p-php20568**, p-Bnlg1297* 
KPR 2 34.3 - 82.3 p-php20568 AY109603_SNP 2.01 - 2.02 
p-php20568*, p-psb485*, p-umc1542*, p-Bnlg1297**,                
p-umc1265*, AY109603_SNP** 
YPP 2 34.3 - 82.3 p-php20568 AY109603_SNP 2.01 - 2.02 p-php20568*, p-Bnlg1297*, p-umc1265*, AY109603_SNP** 
EHT 2 118.49 p-std687002G02 p-std687002G02 2.02 p-std687002G02* 
CWT 2 118.49 p-std687002G02 p-std687002G02 2.02 p-std687002G02* 
CBD 2 118.49 p-std687002G02 p-std687002G02 2.02 p-std687002G02** 
DFF 2 154.6 p-umc1261 p-umc1261 2.02 p-umc1261** 
DMF 2 59.9 - 82.3 p-Bnlg1297 AY109603_SNP 2.02 p-Bnlg1297*, p-umc1980**, p-umc1265**, AY109603_SNP** 
AKH 2 59.9 - 82.3 p-Bnlg1297 AY109603_SNP 2.02 p-Bnlg1297*, p-umc1980*, p-umc1265*, AY109603_SNP*  
DFF 2 75.6 - 77.7 p-umc1980 p-umc1265 2.02 p-umc1980**, p-umc1265* 
DMF 2 141.6 - 203.1 p-umc1756 p-mmpP3A09 2.02 - 2.03 
p-umc1756**, p-Bnlg1327**, p-umc1261**, p-gpm7**,               
p-umc6**, p-mmc0231**, p-umc44**, p-umc1776*,                    
p-mmpP3A09* 
SPAD1 2 57.6 - 212.2 p-umc1542 p-psr901 2.02 - 2.03 
p-umc1542**, p-Bnlg1297**, p-umc1980*, p-umc1265*, 
AY109603_SNP**, p-std683001H06**, p-G22E-03***,               
p-mmc0111***, p-umc1756***, p-Bnlg1327**,                            
p-umc1261***, p-umc6***, p-LIM328***, p-mmc0231*,             
p-umc44**, p-umc1776*, p-psr901** 
SPAD2 2 87.8 - 171.5 p-std683001H06 p-LIM328 2.02 - 2.03 
p-std683001H06**, p-mmc0111*, p-std687002G02**,                  
p-umc1756*, p-umc1261*, p-umc6**, p-LIM328* 
SGA 2 188.1 - 218.7 p-std614059B01 p-mmpP3F04 2.03 p-std614059B01**, p-ufg96-603-F05**, p-mmpP3F04* 
SG3 2 188.1 - 221.4 p-std614059B01 AI920398_SNP 2.03 p-std614059B01***, p-mmpP3F04*, AI920398_SNP* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.17 Continued 
Trait Chr. QTL Range (cM) LFM RFM BIN Significant Markers in Range 
SG2 2 188.1 - 251.1 p-std614059B01 p-umc2247 2.03 - 2.04 
p-std614059B01**, p-ufg96-603-F05*, p-G24A-04*,                          
p-umc2247** 
SG1 2 216 - 251.1 p-ufg96-603-F05 p-umc2247 2.03 - 2.04 p-ufg96-603-F05*, p-G24A-04*, p-umc2247* 
dSPAD 2 188.1 - 409.3 p-std614059B01 p-Bcd926 2.03 - 2.07 
p-std614059B01***, p-ufg96-603-F05**, p-umc2247*, 
AY110266_SNP*, p-umc1326***, p-umc1448*,                                  
p-mmpP4B12**, p-mmpP2D08*, p-csu133*, 
AY110485_SNP*,      p-mmpP6G09**, p-Bnlg108**,                  
p-umc2030**, p-umc2088**, p-Bnlg121***,                        
p-umc145***, p-umc2250**, p-umc2125*,                                     
p-umc1454**, AY110336_SNP*, AY109981_SNP**,                  
p-Bcd926** 
SPAD1 2 262.6 AY110266_SNP AY110266_SNP 2.04 AY110266_SNP** 
CBD 2 329 p-umc2250 p-umc2250 2.04 p-umc2250* 
PHT 2 251.1 - 319.3 p-umc2247 p-Bnlg121 2.04 
p-umc2247*, AY110266_SNP**, p-umc1326**,                            
p-umc1448*, p-mmpP4B12*, p-mmpP6G09*, p-Bnlg121* 
EHT 2 262.6 - 319.3 AY110266_SNP p-Bnlg121 2.04 
AY110266_SNP**, p-umc1326**, p-mmpP4B12**,                    
p-mmpP6G09*, p-Bnlg121* 
SG1 2 302.6 - 323.3 p-mmpP6G09 p-umc145 2.04 
p-mmpP6G09**, p-Bnlg108*, p-umc1259**,                               
p-umc2030**,               p-umc2088**, p-Bnlg121**,                        
p-umc145** 
SGA 2 302.6 - 323.3 p-mmpP6G09 p-umc145 2.04 
p-mmpP6G09*, p-Bnlg108**, p-umc1259*,                                
p-umc2030***, p-umc2088***, p-Bnlg121**,                            
p-umc145*** 
SG3 2 306.3 - 323.3 p-Bnlg108 p-umc145 2.04 
p-Bnlg108**, p-umc2030**, p-umc2088**, p-Bnlg121**,                
p-umc145*** 
SG2 2 313.5 - 323.3 p-umc2030 p-umc145 2.04 p-umc2030**, p-umc2088*, p-Bnlg121**, p-umc145*** 
SFL 2 332.2 - 339.3 p-umc2125 p-umc1454 2.04 p-umc2125*, p-umc1454* 
CBL 2 332.2 - 339.3 p-umc2125 p-umc1454 2.04 p-umc2125*, p-umc1454* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.17 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
CWT 2 310.2 - 343 p-umc1259 p-ZmISU89 2.04 - 2.05 
p-umc1259*, p-umc2030**, p-umc2088*, p-Bnlg121*, p-umc145*, 
p-umc2250*, p-umc1454*, p-ZmISU89* 
EWT 2 319.3 - 349 p-Bnlg121 AY109687_IDP 2.04 - 2.05 
p-Bnlg121**, p-umcAY109687_IDP0*, p-umc2125*, p-umc1454**, 
p-ZmISU89**, AY109687_IDP** 
YPP 2 332.2 - 349 p-umc2125 AY109687_IDP 2.04 - 2.05 p-umc2125**, p-umc1454**, p-ZmISU89**, AY109687_IDP** 
SPAD2 2 275.6 - 480.7  p-mmpP4B12 p-umc1049 2.04 - 2.08 
p-mmpP4B12***, AY110485_SNP**, p-Bnlg108**, p-umc2030**, 
p-umc2088*, p-Bnlg121*, p-umc145**, p-umc1454*, 
AY110336_SNP**, p-Bnlg1831*, p-Bnlg1036***, p-umc2253***, 
p-umc2254***, p-umc1108***, p-Bcd926***, p-umc2129***,         
p-umc1890***, AY110410_SNP***, p-std660015B02**,                  
p-rz474***, p-5C02H07**, p-phi251315***, p-umc36**,                       
p-umc1560***, p-psr135***, p-umc1049** 
DMF 2 349 AY109687_IDP AY109687_IDP 2.05 AY109687_IDP* 
SG3 2 380.8 AY109981_SNP AY109981_SNP 2.06 AY109981_SNP* 
SG2 2 378.7 - 409.3 p-umc2254 p-Bcd926 2.06 - 2.07 p-umc2254*, p-Bcd926*** 
SPAD1 2 373.5 - 480.7 p-Bnlg1036 p-umc1049 2.06 - 2.08 
p-Bnlg1036**, p-umc2253**, p-umc2254*, AY109981_SNP**,                
p-umc1108**, p-Bcd926***, p-umc2129***, p-umc1890***, 
AY110410_SNP***, p-std660015B02*, p-rz474***, p-5C02H07**, 
p-phi251315***, p-umc36***, p-umc1560***, p-psr135**,                   
p-umc1049* 
SG1 2 378.7 - 509.2 p-umc2254  p-Bnlg1233 2.06 - 2.08 
p-umc2254**, AY109981_SNP*, p-Bcd926**, p-rz474*,                          
p-umc1560*, p-psr135**, p-umc1049**, p-Bcd808**,                              
p-mmpP6F07**, p-Bnlg1233** 
SGA 2 380.8 - 480.7 AY109981_SNP p-umc1049 2.06 - 2.08 
AY109981_SNP*, p-Bcd926**, p-phi251315*, p-psr135***,                           
p-umc1049** 
SFL 2 409.3 - 427.9 p-Bcd926 AY110410_SNP 2.07 p-Bcd926**, p-umc2129*, p-umc1890*, AY110410_SNP** 
CBL 2 409.3 - 427.9 p-Bcd926 AY110410_SNP 2.07 p-Bcd926**, p-umc2129*, p-umc1890*, AY110410_SNP** 
EKV 2 446.9 - 453.8 p-rz474 p-phi251315 2.07 p-rz474*, p-phi251315** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.17 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
DMF 2 496.1 p-Bcd808 p-Bcd808 2.08 p-Bcd808* 
SPAD1 2 536.5 - 562.5 p-G1D-06 p-mmpP3B02 2.08 
p-G1D-06***, AY109645_IDP*, p-std947042B06***,         
p-G7B-05*, p-mmpP3B02** 
SPAD2 2 536.5 - 566 p-G1D-06 p-psr119 2.08 
p-G1D-06***, AY109645_IDP***, p-std947042B06*,               
p-G7B-05*, AY109575_IDP*, p-mmpP3B02***, p-psr119* 
AKWT 2 538.8 - 562.5 AY109645_IDP p-mmpP3B02 2.08 AY109645_IDP**, p-mmpP3B02** 
DMF 2 572.4 - 577.6 p-mmc0381 p-Bnlg1940 2.08 p-mmc0381*, p-ZmISU115*, p-Bnlg1940* 
SG3 2 591.5 - 636.8 p-umc49 p-mmpP5B12 2.09 p-umc49*, p-umc1256***, p-mmpP5B12*** 
SGA 2 591.5 - 636.8 p-umc49 p-mmpP5B12 2.09 p-umc49*, p-umc1256***, p-mmpP5B12*** 
SG2 2 600.7 - 636.8 p-umc1256 p-mmpP5B12 2.09 p-umc1256**, p-mmpP5B12** 
dSPAD 2 600.7 - 636.8 p-umc1256 p-mmpP5B12 2.09 p-umc1256**, p-mmpP5B12* 
PHT 2 600.7 p-umc1256 p-umc1256 2.09 p-umc1256** 
EHT 2 600.7 p-umc1256 p-umc1256 2.09 p-umc1256** 
DMF 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12* 
SPAD2 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12** 
CWT 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12** 
YPP 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12** 
ERD 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12* 
ERC 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12** 
EKV 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12** 
AKWT 2 636.8 p-mmpP5B12 p-mmpP5B12 2.09 p-mmpP5B12** 
SG1 2 636.8 - 661.1 p-mmpP5B12 p-umc36 2.09 p-mmpP5B12**, p-Bnlg469*, p-umc36* 
EHT 2 681.8 AY110389_SNP AY110389_SNP 2.09 AY110389_SNP** 
AKWT 2 446.9 - 480.7 p-rz474 p-umc1049 2.07 - 2.08 
p-rz474**, p-phi251315**, p-umc1560**, p-psr135**,               
p-umc1049* 
SG3 2 453.8 - 480.7 p-phi251315 p-umc1049 2.07 - 2.09 p-phi251315*, p-psr135**, p-umc1049** 
SG2 2 477.9 - 480.7 p-psr135 p-umc1049 2.07 - 2.10 p-psr135**, p-umc1049** 
SPAD1 2 692.4 - 711 p-umc2184 p-ufg99-232-E05 2.09 - 2.10 p-umc2184*, p-LIM104***, p-ufg99-232-E05* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.18 QTL on Chromosome 3 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
EHT 3 5.6 p-umc1931 p-umc1931 3.00 p-umc1931** 
SPAD1 3 0 - 28.2 p-umc2118 p-umc1970 3.00 - 3.01 
p-umc2118***, p-umc2105***, p-umc1931***,                                
p-umc2255***, p-umc1970*** 
dSPAD 3 2 - 103.3 p-umc2105 p-Bnlg1647 3.00 - 3.02 
p-umc2105*, p-umc1394***, p-umc1970***,                              
p-umc2257***, p-umc1892***, p-umc1458***,                         
p-Bnlg1144***, AY109549_SNP**, p-umc1057***,                       
p-Bnlg1647** 
DMF 3 21.8 p-umc1394 p-umc1394 3.01 p-umc1394** 
SG3 3 21.8 - 109 p-umc1394 p-Asg24 3.01 - 3.02 
p-umc1394***, p-umc1970**, p-umc2257**,                              
p-umc1892***, p-Bnlg1144***, AY109549_SNP***,                 
p-umc1057***, p-Bnlg1647***, p-Asg24** 
SGA 3 21.8 - 109 p-umc1394 p-Asg24 3.01 - 3.02 
p-umc1394**, p-umc1892**, p-Bnlg1144***, 
AY109549_SNP**, p-umc1057***, p-Bnlg1647**,           
p-Asg24* 
SG2 3 21.8 - 97.6 p-umc1394 p-umc1057 3.01 - 3.02 
p-umc1394**, p-umc1892**, p-Bnlg1144***, 
AY109549_SNP**, p-umc1057*** 
KPR 3 42.6 - 77 p-mmpP3D08  p-Bnlg1144 3.01 - 3.02 p-mmpP3D08*, p-Bnlg1144** 
SFL 3 42.6 - 77 p-mmpP3D08  p-Bnlg1144 3.01 - 3.02 p-mmpP3D08**, p-umc1458*, p-Bnlg1144** 
CBL 3 42.6 - 77 p-mmpP3D08  p-Bnlg1144 3.01 - 3.02 p-mmpP3D08**, p-umc1458*, p-Bnlg1144** 
EWT 3 77 p-Bnlg1144 p-Bnlg1144 3.02 p-Bnlg1144** 
CWT 3 77 p-Bnlg1144 p-Bnlg1144 3.02 p-Bnlg1144* 
YPP 3 77 p-Bnlg1144 p-Bnlg1144 3.02 p-Bnlg1144** 
ERD 3 77 p-Bnlg1144 p-Bnlg1144 3.02 p-Bnlg1144** 
CBD 3 77 p-Bnlg1144 p-Bnlg1144 3.02 p-Bnlg1144** 
ERC 3 77 p-Bnlg1144 p-Bnlg1144 3.02 p-Bnlg1144** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.18 Continued  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SPAD2 3 67.2 - 97.6 p-umc1458 p-umc1057 3.02 p-umc1458*, p-Bnlg1144***, p-umc1057* 
SG1 3 77 - 97.6 p-Bnlg1144 p-umc1057 3.02 p-Bnlg1144**, p-umc1057* 
DMF 3 131.7 - 203.4 p-umc2259 p-mmpP3D02 3.03 - 3.04 
p-umc2259**, p-mmpP6D09**, p-mmpP4A01**,                   
p-umc1772*, p-mmpP5A05**, p-mmpP3D02* 
SG3 3 189 p-umc1742 p-umc1742 3.04 p-umc1742** 
RPE 3 219.5 AY109870_SNP AY109870_SNP 3.04 AY109870_SNP* 
SG1 3 189 - 193.1 p-umc1742 p-Bnlg1638 3.04 p-umc1742*, p-Bnlg1638* 
SGA 3 189 - 193.1 p-umc1742 p-Bnlg1638 3.04 p-umc1742**, p-Bnlg1638* 
SPAD1 3 238.1 - 283.9 AY110403_SNP p-psb527 3.04 
AY110403_SNP*, p-umc1683**, p-std683001H06*,                    
p-psb527*** 
SPAD2 3 269.4 - 276.6 p-umc1449 p-std683001H06 3.04 p-umc1449*, p-std683001H06** 
SGA 3 274.42 - 346.8 p-std605091G02 p-csu184 3.04 - 3.05 
p-std605091G02*, p-umc2020*, p-umc1501**,                         
p-umc26**, p-csu184* 
SG3 3 274.42 - 358.3 p-std605091G02 p-csu328 3.04 - 3.05 
p-std605091G02*, p-umc2020*, p-umc1501*,                            
p-umc26***, p-csu328* 
SG1 3 325.4 - 346.8 p-umc1501 p-csu184 3.05 p-umc1501**, p-cdo105*, p-umc26*, p-csu184* 
SG2 3 344.2 - 346.8 p-umc26 p-csu184 3.05 p-umc26**, p-csu184* 
SPAD2 3 384.9 - 394.8 AY111296_IDP p-umc1311 3.05 - 3.06 AY111296_IDP*, p-Bnl5.37*, p-umc1311* 
SG3 3 423.6 BE639846_SNP BE639846_SNP 3.06 BE639846_SNP*** 
EHT 3 445 p-umc2267 p-umc2267 3.06 p-umc2267** 
SPAD2 3 459.9 p-psr754 p-psr754 3.06 p-psr754* 
SG1 3 605.14 p-umc2266 p-umc2266 3.06 p-umc2266** 
DMF 3 503 - 517 p-LIM424 p-Asg7 3.06 p-LIM424*, p-php15033*, p-Asg7** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.18 Continued 
Trait Chr. QTL Range (cM) LFM RFM BIN Significant Markers in Range 
SPAD1 3 459.9 - 633.8 p-psr754 p-umc1320 3.06 - 3.08 
p-psr754**, p-LIM424*, p-umc3**, p-umc2050***,   
p-umc1135***, p-umc2272***, AY109828_IDP**,          
p-umc17**, p-umc2274*, p-mmc0251**, p-umc1320* 
SPAD2 3 540.2 - 579.12 p-umc1135 p-std946073C08 3.07 p-umc1135**, p-std947006D12*, p-std946073C08* 
SFL 3 605.14 p-gpm3 p-gpm3 3.08 p-gpm3* 
CWT 3 611.4 p-mmc0251 p-mmc0251 3.08 p-mmc0251* 
CBD 3 617.5 p-umc1915 p-std945042G08 3.08 p-umc1915*, p-std945042G08** 
SPAD2 3 683.6 p-umc2174 p-umc2174 3.08 p-umc2174** 
dSPAD 3 683.6 p-umc2174 p-umc2174 3.08 p-umc2174** 
EWT 3 683.6 p-umc2174 p-umc2174 3.08 p-umc2174** 
CWT 3 683.6 - 697.2 p-umc2174 p-umc63 3.08 - 3.09 p-umc2174**, p-umc63* 
CBD 3 683.6 - 702.2 p-umc2174 p-csu845 3.08 - 3.09 p-umc2174**, p-umc63**, p-csu303**, p-csu845**  
SG3 3 757 p-Bnlg1754 p-Bnlg1754 3.09 p-Bnlg1754* 
DMF 3 817 p-LIM444 p-LIM444 3.09 p-LIM444* 
SG1 3 697.2 - 699.2 p-umc63 p-csu303 3.09 p-umc63*, p-csu303** 
SGA 3 697.2 - 699.2 p-umc63 p-csu303 3.09 p-umc63*, p-csu303* 
SG2 3 697.2 - 728.1 p-umc63 p-psb107 3.09 p-umc63**, p-csu303*, p-psb107* 
CBD 3 757 - 791.6 p-Bnlg1754 p-G22H-03 3.09 p-Bnlg1754**, p-G22E-12**, p-G22H-03** 
SPAD1 3 806.9 - 817 p-umc1641 p-LIM444 3.09 p-umc1641**, p-LIM444* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.19 QTL on Chromosome 4 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SG2 4 0 p-umc2278 p-umc2278 4.01 p-umc2278** 
EWT 4 22.9 p-umc2279 p-umc2279 4.01 p-umc2279** 
DFF 4 47.6 p-umc1682 p-umc1682 4.01 p-umc1682** 
ASI 4 47.6 p-umc1682 p-umc1682 4.01 p-umc1682* 
YPP 4 0 - 22.9 p-umc2278 p-umc2279 4.01 p-umc2278*, p-umc2279** 
SG1 4 0 - 37.5 p-umc2278 p-CYP71C1U 4.01 
p-umc2278**, p-phi072*, p-umc2279**, p-mmpP3C07**,                       
p-CYP71C1U** 
SGA 4 0 - 37.5 p-umc2278 p-CYP71C1U 4.01 p-umc2278**, p-CYP71C1U* 
DMF 4 0 - 57.5 p-umc2278  p-umc1669 4.01 
p-umc2278*, p-phi072**, p-ufg407-F06**, p-csu901**,                           
p-mmpP1D07*, p-csu363**, p-umc2279*, p-umc1682*,                           
p-umc1669** 
SPAD1 4 30.4 - 47.6 p-mmpP3C07 p-umc1682 4.01 p-mmpP3C07***, p-CYP71C1U***, p-umc1682** 
dSPAD 4 47.6 - 57.5 p-umc1682  p-umc1669 4.01 p-umc1682**, p-umc1669*** 
SPAD2 4 9.9 - 37.5 p-csu901 p-CYP71C1U 4.01 p-csu901*, p-CYP71C1U** 
EKV 4 140.9 - 181.4 p-umc1926 p-umc1902 4.03 
p-umc1926**, AY110253_SNP**, p-ZmISU144**, 
AY110573_SNP**,             p-umc1902** 
AKWT 4 152.9 - 181.4 AY110253_SNP p-umc1902 4.03 
AY110253_SNP**, p-ZmISU144**, AY110573_SNP**,                          
p-umc1902** 
SG3 4 157.6 - 189.1 p-ZmISU144 p-mmpP2G05 4.03 p-ZmISU144*, AY110573_SNP*, p-mmpP2G05* 
SPAD1 4 205 - 218.5 p-5C05B11 p-umc1117 4.03 - 4.04 p-5C05B11*, p-umc1117*** 
SPAD2 4 218.5 p-umc1117 p-umc1117 4.04 p-umc1117** 
DMF 4 223.6 - 410.8 p-LIM415 p-mmpP2F09 4.04 
p-LIM415**, p-umc1963**, p-umc191**, p-Bnlg1265**,                       
p-umc1964**, AY110290_SNP**, p-psr152**, p-csu509**,                        
p-mmpP5A03**, p-umc1031**, p-umc42**, p-Bnl15.45**,                        
p-umc1511**, p-psr128**, p-Bnlg1755**, p-umc1142**,                         
p-mmpP3E07**, AY110562_SNP**, AY110355_SNP**,                       
p-php20597**, p-umc2284**, p-mmpP6C09**, p-umc2027*,                   
p-mmpP2A12*, p-Zm1*, p-rz567**, p-umc66*, p-mmpP2F09* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.19 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
DFF 4 225.7 - 295.2 p-umc1963 p-umc1511 4.04 - 4.05 
p-umc1963**, p-umc191*, p-Bnlg1265**, p-umc1964*, 
AY110290_SNP*, p-psr152*, p-csu509**, p-Bnl15.45*,                  
p-umc1511* 
SG2 4 277.8 p-psr152 p-psr152 4.05 p-psr152* 
SG1 4 283.3 - 362.4 p-mmpP5A03 AY110310_SNP 4.05 - 4.06 
p-mmpP5A03**, p-umc1142**, p-php20597*, p-umc2027**,                              
p-mmpP2A12**, AY110310_SNP* 
SGA 4 283.3 - 430.2 p-mmpP5A03 p-Bnl5.24 4.05 - 4.07 
p-mmpP5A03*, p-umc42*, p-umc1142**, p-php20597**,                  
p-umc2284**, p-umc2027***, p-mmpP2A12**, 
AY110310_SNP*, p-Zm1*, p-umc66**, p-mmpP2F09*,              
p-Bnl5.24** 
SG3 4 302.5 - 430.2 p-umc1142 p-Bnl5.24 4.05 - 4.07 
p-umc1142**, p-php20597**, p-umc2284**, p-umc2027**,            
p-mmpP2A12*, AY110310_SNP*, p-Zm1**, p-Bnlg2291*,               
p-umc66**, p-Bnl5.24* 
EHT 4 349.8 p-umc2027 p-umc2027 4.06 p-umc2027** 
SG2 4 349.8 p-umc2027 p-umc2027 4.06 p-umc2027* 
dSPAD 4 349.8 p-umc2027 p-umc2027 4.06 p-umc2027*** 
CWT 4 349.8 p-umc2027 p-umc2027 4.06 p-umc2027* 
PHT 4 349.8 - 362.4 p-umc2027 AY110310_SNP 4.06 p-umc2027**, p-mmpP2A12**, AY110310_SNP* 
CBD 4 349.8 - 362.4 p-umc2027 AY110310_SNP 4.06 p-umc2027**, AY110310_SNP* 
AKWT 4 397.4 p-umc66 p-umc66 4.07 p-umc66** 
SPAD2 4 408.7 - 410.8 p-umc104 p-mmpP2F09 4.07 p-umc104**, p-mmpP2F09*** 
SPAD1 4 408.7 - 449.4 p-umc104 p-umc1667 4.07 p-umc104***, p-mmpP2F09**, p-Bnlg1189*, p-umc1667* 
CBD 4 414.2 - 428 p-umc19 p-Bnlg1189 4.07 p-umc19**, p-mmpP3B04**, p-Bnlg1189* 
ERD 4 420.6 - 430.2 p-mmpP3B04 p-Bnl5.24 4.07 p-mmpP3B04**, p-Bnlg1189*, p-Bnl5.24* 
ERC 4 420.6 - 430.2 p-mmpP3B04 p-Bnl5.24 4.07 p-mmpP3B04**, p-Bnlg1189*, p-Bnl5.24* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.19 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SPAD1 4 499.9 p-ufg113-015 p-ufg113-015 4.08 p-ufg113-015*** 
SPAD2 4 499.9 p-ufg113-015 p-ufg113-015 4.08 p-ufg113-015** 
SG3 4 536.3 AY105971_IDP AY105971_IDP 4.08 AY105971_IDP* 
ASI 4 452.9 - 525.8 p-umc1808 p-umc15 4.08 
p-umc1808*, p-Bnl10.05**, p-Bnlg2162**, AY112127_IDP**,              
p-phi093**, p-umc15** 
AKL 4 487.7 - 525.8 AY112127_IDP p-umc15 4.08 AY112127_IDP*, p-phi093*, p-umc15* 
DFF 4 475.7 - 574.8 p-Bnlg2162 p-umc2139 4.08 - 4.09 
p-Bnlg2162**, AY112127_IDP**, p-ufg113-015**, 
AY110631_SNP*, p-phi093**, p-umc15**, p-umc2139** 
DMF 4 475.7 - 635.2 p-Bnlg2162 AY110231_IDP 4.08 - 4.09 
p-Bnlg2162**, AY112127_IDP**, p-ufg113-015**, 
AY110631_SNP**, p-umc2285*, p-phi093**, p-umc15*,                     
p-mmpP5E10**, p-umc2139**, p-php10025**, p-umc1940**,                      
p-mmpP2E12*, p-G23C-07**, p-mmpP6H07**, AY110231_IDP** 
ERD 4 487.7 - 581.8 AY112127_IDP p-umc1940 4.08 - 4.09 
AY112127_IDP**, p-phi093**, AY105971_IDP**, p-umc2188*,                       
p-umc52**, AY110170_SNP**, p-umc2139**, p-php10025*,                   
p-umc1940* 
ERC 4 487.7 - 581.8 AY112127_IDP p-umc1940 4.08 - 4.09 
AY112127_IDP**, p-phi093**, AY105971_IDP**, p-umc2188**,                      
p-umc52**, AY110170_SNP**, p-umc2139**, p-php10025**,                  
p-umc1940* 
AKH 4 499.9 - 574.8 p-ufg113-015 p-umc2139 4.08 - 4.09 
p-ufg113-015**, AY110631_SNP**, p-umc2285*, p-phi093**,                  
p-umc15**, p-umc2139** 
EWT 4 522.1 - 574.8 p-phi093 p-umc2139 4.08 - 4.09 
p-phi093*, AY105971_IDP**, p-rz596*, AY110170_SNP**,                       
p-umc2139** 
YPP 4 522.1 - 574.8 p-phi093 p-umc2139 4.08 - 4.09 
p-phi093**, p-umc15*, AY105971_IDP**, p-rz596**, p-umc2188**, 
AY110170_SNP**, p-umc2139** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.19 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SG1 4 525.8 - 559 p-umc15 p-umc52 4.08 - 4.09 p-umc15*, AY105971_IDP*, p-rz596*, p-umc2188*, p-umc52* 
SGA 4 536.3 - 559 AY105971_IDP p-umc52 4.08 - 4.09 AY105971_IDP**, p-rz596*, p-umc2188*, p-umc52* 
RPE 4 536.3 - 601.6 AY105971_IDP p-php10025 4.08 - 4.09 
AY105971_IDP**, p-rz596**, p-umc2188*, p-umc52**, 
AY110170_SNP**, p-LIM446**, p-umc2139**, p-php10025** 
KPR 4 574.8 p-umc2139 p-umc2139 4.09 p-umc2139** 
SPAD1 4 623.2 p-cdo534 p-cdo534 4.09 p-cdo534* 
DFF 4 635.2 AY110231_IDP AY110231_IDP 4.09 AY110231_IDP* 
CBD 4 559 - 579.8 p-umc52 p-php10025 4.09 p-umc52**, p-php10025** 
dSPAD 4 616.7 - 669.8 AY110064_SNP p-php20608 4.09 
AY110064_SNP**, p-cdo534*, AY110231_IDP**, p-umc1573*,                       
p-umc1101**, p-umc2046**, p-php20608* 
DMF 4 695.5 p-Asg41 p-Asg41 4.10 p-Asg41* 
SGA 4 744.1 p-umc1197 p-umc1197 4.11 p-umc1197* 
dSPAD 4 744.1 p-umc1197 p-umc1197 4.11 p-umc1197*** 
AKWT 4 750.2 p-Bnlg1890 p-Bnlg1890 4.11 p-Bnlg1890* 
PHT 4 728.5 - 750.2 p-umc169 p-Bnlg1890 4.11 p-umc169**, p-umc2290*, p-umc1649**, p-Bnlg1890** 
EHT 4 728.5 - 750.2 p-umc169 p-Bnlg1890 4.11 p-umc169**, p-umc2290**, p-umc1649**, p-Bnlg1890** 
SPAD2 4 739.3 - 750.2 p-umc1649 p-Bnlg1890 4.11 p-umc1649**, p-umc1197***, p-Bnlg1890** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.20 QTL on Chromosome 5 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
AKWT 5 23.3 p-umc2291 p-umc2291 5.00 p-umc2291* 
DMF 5 0 - 23.3 AI676903_SNP p-umc2291 5.00 AI676903_SNP*, p-ufg99F-220-C12**, p-umc2291* 
SG3 5 0 - 83.7 AI676903_SNP p-psb239 5.00 
AI676903_SNP*, AY109758_SNP*, p-ufg99F-220-C12***, 
p-umc2291*, p-umc1423*, p-umc1445***, p-umc1097**,        
p-Bnl8.33***, p-umc1901***, p-umc1325**, p-umc1679*,    
p-psb239* 
dSPAD 5 0 - 83.7 AI676903_SNP p-psb239 5.00 
AI676903_SNP**, AY109758_SNP*, p-umc1445*,              
p-Bnl8.33*, p-umc1901***, p-psb239** 
SG1 5 37.6 - 54.6 p-umc1445 p-umc1325 5.00 p-umc1445*, p-umc1097*, p-umc1901**, p-umc1325** 
SG2 5 0 - 90.2 AI676903_SNP AY109733_SNP 5.00 - 5.01 
AI676903_SNP***, AY109758_SNP**, p-ufg99F-220-C12*, 
p-umc1423*, p-umc1445***, p-umc1097***,                          
p-Bnl8.33***, p-umc1325***, p-umc1260*, 
AY109733_SNP* 
SGA 5 0 - 90.2 AI676903_SNP AY109733_SNP 5.00 - 5.01 
AI676903_SNP**, AY109758_SNP**, p-ufg99F-220-C12**, 
p-umc2291*, p-umc1423*, p-umc1445***,                              
p-umc1097***, p-Bnl8.33***, p-umc1901***,                               
p-umc1325***, p-umc1260*, p-umc1679*, p-psb239**, 
AY109733_SNP* 
SPAD2 5 0 - 90.2 AI676903_SNP AY109733_SNP 5.00 - 5.01 
AI676903_SNP***, AY109758_SNP**, p-ufg99F-220-
C12**, p-umc2291**, p-umc1423***, p-umc1445***,                
p-umc1097***, p-Bnl8.33***, p-umc1901***,                             
p-umc1325***, p-umc1260**, p-umc1679***, p-psb239**, 
AY109733_SNP* 
SPAD1 5 30 - 71.5 p-umc1423 p-umc1679 5.00 - 5.01 
p-umc1423***, p-umc1445*, p-umc1097**, p-Bnl8.33***,         
p-umc1325***, p-umc1260*, p-umc1679* 
CWT 5 68.1 - 71.5 p-umc1260 p-umc1679 5.00 - 5.01 p-umc1260**, p-umc1679** 
SG1 5 128.75 p-std660014D10 p-std660014D10 5.01 p-std660014D10** 
SPAD1 5 189.8 p-Bnlg1879 p-Bnlg1879 5.02 p-Bnlg1879* 
SPAD2 5 267.5 p-umc2296 p-umc2296 5.03 p-umc2296* 
SG1 5 210.3 - 212.49 p-umc1686 p-std707074B05 5.03 p-umc1686*, p-std707074B05* 
ERD 5 216.3 - 247.6 p-Bnlg1046 p-umc1447 5.03 p-Bnlg1046**, p-umc1557*, p-umc1447** 
ERC 5 216.3 - 247.6 p-Bnlg1046 p-umc1447 5.03 p-Bnlg1046**, p-umc1557*, p-umc1447** 
DMF 5 216.3 - 293.23 p-Bnlg1046 p-std486079D03 5.03 p-Bnlg1046*, p-csu340*, p-umc1447**, p-std486079D03* 
CBD 5 247.6 - 250.3 p-umc1447 AY109606_IDP 5.03 p-umc1447**, AY109606_IDP** 
SPAD1 5 267.5 - 270.5 p-umc2296 p-rz242 5.03 p-umc2296**, p-rz242* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
86 
 
Table 1.20 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SPAD1 5 368.4 - 428.3 p-umc1221 p-umc2304 5.04 - 5.05 
p-umc1221**, p-umc1171***, p-umc1482**, p-Bnl5.71*,                       
p-mmc0081*, AY109682_SNP***, p-mmpP3H09**,                            
p-umc1264***, p-umc2303***, p-umc1155***, p-mmpP6G04***, 
p-umc2304*** 
SPAD2 5 376.4 - 414.7 p-umc1171 p-mmpP6G04 5.04 - 5.05 
p-umc1171**, AY109682_SNP*, p-umc2303***, p-umc1155*,                             
p-mmpP6G04** 
SG3 5 389.9 p-mmc0081 p-mmc0081 5.05 p-mmc0081* 
EHT 5 402.2 p-mmpP3H09 p-mmpP3H09 5.05 p-mmpP3H09* 
PHT 5 387 - 402.2 p-Bnl5.71 p-mmpP3H09 5.05 p-Bnl5.71*, p-mmpP3H09** 
SG2 5 389.9 - 404.9 p-mmc0081 p-umc1264 5.05 p-mmc0081**, p-umc1264* 
SFL 5 402.2 - 428.3 p-mmpP3H09  p-umc2304 5.05 p-mmpP3H09*, p-umc1264**, p-mmpP6G04*, p-umc2304* 
CBL 5 402.2 - 428.3 p-mmpP3H09  p-umc2304 5.05 p-mmpP3H09*, p-umc1264**, p-mmpP6G04*, p-umc2304* 
KPR 5 404.9 - 414.7 p-umc1264 p-mmpP6G04 5.05 p-umc1264**, p-mmpP6G04** 
DMF 5 408.8 - 410.8 p-umc2303 p-umc1155 5.05 p-umc2303*, p-umc1155** 
SPAD1 5 499.7 - 511.3 p-G23E-04 p-rz567 5.06 p-G23E-04***, p-rz567*** 
SPAD2 5 499.7 - 511.3 p-G23E-04 p-rz567 5.06 p-G23E-04***, p-rz567*** 
DMF 5 609.4 p-Bnlg118 p-Bnlg118 5.08 p-Bnlg118* 
SG2 5 613.8 p-Bnlg1597 p-Bnlg1597 5.08 p-Bnlg1597** 
SGA 5 613.8 p-Bnlg1597 p-Bnlg1597 5.08 p-Bnlg1597** 
CWT 5 664.3 AW065811_IDP AW065811_IDP 5.08 AW065811_IDP** 
SPAD1 5 609.4 - 672.6 p-Bnlg118 p-umc2307 5.08 
p-Bnlg118***, p-Bnlg1597***, p-mmpP1C10***, p-umc1792**, 
AY110413_SNP***, p-umc57***, p-umc1225***, 
AY105910_IDP**, p-umc104***, p-php10017**, p-umc2307** 
SPAD2 5 609.4 - 672.6 p-Bnlg118 p-umc2307 5.08 
p-Bnlg118***, p-Bnlg1597***, p-mmpP1C10***, p-umc1792***, 
AY110413_SNP**, p-umc57***, p-umc1225***, 
AY110182_SNP**, AY105910_IDP***, p-umc104**, 
AW065811_IDP***, p-umc2307** 
SG3 5 613.8 - 664.3 p-Bnlg1597 AW065811_IDP 5.08 p-Bnlg1597**, AW065811_IDP* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.21 QTL on Chromosome 6 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
KPR 6 0 p-umc49 p-umc49 6.00 p-umc49** 
EWT 6 0 p-umc49 p-umc49 6.00 p-umc49** 
YPP 6 0 p-umc49 p-umc49 6.00 p-umc49* 
SFL 6 0 p-umc49 p-umc49 6.00 p-umc49** 
CBL 6 0 p-umc49 p-umc49 6.00 p-umc49** 
SGA 6 49 p-Agrp144 p-Agrp144 6.00 p-Agrp144** 
ERD 6 49 p-Agrp144 p-Agrp144 6.00 p-Agrp144** 
ERC 6 49 p-Agrp144 p-Agrp144 6.00 p-Agrp144** 
SG1 6 0 - 49 p-umc49 p-Agrp144 6.00 p-umc49*, p-Agrp144* 
SG2 6 0 - 116.2 p-umc49 p-mmpP1C03 6.00 - 6.01 
p-umc49*, p-Agrp144**, p-gpm8*, p-umc2074*,                                 
p-mmpP1G01**, p-mmpP1C03** 
dSPAD 6 0 - 139.5 p-umc49 p-mmpP3D05 6.00 - 6.02 
p-umc49***, p-Agrp144**, p-umc85*, p-gpm8**,                               
p-mmpP1G01***, p-std946034H07**, p-mmpP3D05* 
SPAD1 6 0 - 166.6 p-umc49 p-umc2316 6.00 - 6.02 
p-umc49**, p-Bnlg161**, p-umc2310***, p-rz143***, 
AY110100_SNP***, p-umc85***, p-umc1606***,                       
p-mmpP4E06***, p-umc2312***, p-Bnlg1867***,                       
p-umc1229***, p-gpm8***, p-umc2313***, p-csu612***,                          
p-umc2074***, p-5C04A08***, p-mmpP6D05***,                       
p-mmpP1G01***, p-mmpP2F05***, p-y1SSR***,                      
p-rz444***, p-MIR1***, p-umc1656***,                                        
p-std946034H07**, p-mmpP4H12***, p-umc1257***,                 
p-umc1595*, p-csu923***, p-umc2316** 
SPAD2 6 27.6 - 166.6 p-umc2310 p-umc2316 6.00 - 6.03 
p-umc2310*, p-rz143*, AY110100_SNP**, p-umc1606**,                  
p-mmpP4E06**, p-umc2312***, p-mmpP6D05**,                        
p-MIR1**, p-umc1656***, p-mmpP4H12**, p-umc2316** 
DMF 6 0 - 273.2 p-umc49 AI665560_SNP 6.00 - 6.05 
p-umc49**, p-ZmISU139*, p-umc85*, p-umc1606**,                 
p-mmpP4E06*, p-umc2312**, p-Bnlg1867**, p-umc1229**,               
p-umc2313**, p-csu612**, p-umc2074**, p-5C04A08*,              
p-mmpP6D05**, p-mmpP1G01*, p-mmpP1C03**,                             
p-mmpP2F05**, p-y1SSR**, p-rz444**, p-MIR1**,                               
p-umc1656**, p-mmpP3D05*, p-mmpP4H12**,                           
p-umc1257**, p-psr129**, p-psb108**, p-umc1595**,                  
p-csu923**, p-umc2316**, AY111964_IDP**, p-umc65**,                
p-umc1796**, p-G2B-08**, p-umc1105*, p-umc1857**,                 
p-std486106G10**, p-Bnlg1154**, p-csu481*, 
AI665560_SNP** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.21 Continued  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
PHT 6 75.8 p-umc2312 p-umc2312 6.01 p-umc2312* 
EHT 6 75.8 p-umc2312 p-umc2312 6.01 p-umc2312** 
AKH 6 75.8 p-umc2312 p-umc2312 6.01 p-umc2312* 
SFL 6 78.3 - 136.57 p-Bnlg1867 p-std946034H07 6.01 - 6.02 
p-Bnlg1867*, p-umc2074*, p-mmpP1G01*, p-mmpP1C03**,                            
p-mmpP2F05*, p-MIR1*, p-std946034H07* 
CBL 6 78.3 - 136.57 p-Bnlg1867 p-std946034H07 6.01 - 6.02 
p-Bnlg1867*, p-umc2074*, p-mmpP1G01*, p-mmpP1C03**,                           
p-mmpP2F05*, p-MIR1*, p-std946034H07* 
DFF 6 75.8 - 189.5 p-umc2312 p-umc1796 6.01 - 6.04 
p-umc2312**, p-umc1229**, p-umc2313*, p-csu612*,                       
p-mmpP2F05**, p-MIR1**, p-umc1656**, p-mmpP4H12**,             
p-psb108**, p-umc1595**, p-csu923**, p-umc2316**,                       
p-umc1796* 
KPR 6 75.8 - 196.3 p-umc2312 p-G2B-08 6.01 - 6.04 
p-umc2312**, p-Bnlg1867*, p-umc1229*, p-umc2074*,                     
p-mmpP1G01*, p-mmpP1C03*, p-mmpP2F05*, p-rz444*,                 
p-MIR1**, p-umc1656*, p-mmpP4H12*, p-umc1257*,                                  
p-umc1595**, p-csu923**, p-umc1796*, p-G2B-08* 
ASI 6 127.1 - 153.7 p-MIR1 p-umc1595 6.02 p-MIR1*, p-umc1595* 
ERD 6 181.9 p-umc65 p-umc65 6.04 p-umc65** 
ERC 6 181.9 p-umc65 p-umc65 6.04 p-umc65** 
CWT 6 196.3 p-G2B-08 p-G2B-08 6.04 p-G2B-08* 
SFL 6 196.3 p-G2B-08 p-G2B-08 6.04 p-G2B-08* 
CBL 6 196.3 p-G2B-08 p-G2B-08 6.04 p-G2B-08* 
CBD 6 196.3 p-G2B-08 p-G2B-08 6.04 p-G2B-08* 
YPP 6 181.9 - 196.3 p-umc65 p-G2B-08 6.04 p-umc65**, p-G2B-08** 
EWT 6 181.9 - 199 p-umc65 p-umc1105 6.04 p-umc65**, p-umc1796**, p-G2B-08**, p-umc1105* 
RPE 6 181.9 - 203.2 p-umc65 p-umc1857 6.04 p-umc65**, p-umc1105**, p-umc1857** 
SPAD2 6 240.8 p-umc21 p-umc21 6.05 p-umc21* 
SG3 6 269.8 p-umc1187 p-umc1187 6.05 p-umc1187* 
SPAD1 6 295.4 p-umc2141 p-umc2141 6.05 p-umc2141** 
SG2 6 318.6 AY110050_SNP AY110050_SNP 6.05 AY110050_SNP* 
SG1 6 331.9 p-std606017H04 p-std606017H04 6.05 p-std606017H04** 
ASI 6 362 p-5C04E08 p-5C04E08 6.05 p-5C04E08** 
dSPAD 6 240.8 - 370.16 p-umc21 p-gpm9 6.05 
p-umc21**, p-umc1413*, p-umc1114*, p-umc1314**, 
AY110542_SNP*, p-umc1020**, p-gpm9** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR) 
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Table 1.21 Continued  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SG3 6 362 - 391.4 p-5C04E08 p-umc1859 6.05 - 6.06 p-5C04E08***, p-umc38***, p-umc1859** 
DFF 6 362 - 404.4 p-5C04E08 p-umc2322 6.05 - 6.06 p-5C04E08*, p-umc1859**, p-umc2322** 
SPAD1 6 375.8 - 397.08 p-rz444 p-std951004C05 6.05 - 6.06 p-rz444**, p-std951004C05** 
DMF 6 385.8 - 423 p-umc38 p-LIM151 6.06 
p-umc38*, p-umc1859**, p-Bcd738**, p-umc2322**, 
AY104923_IDP**, p-LIM151* 
SG1 6 420.4 - 472.3 p-LIM379 AY110400_SNP 6.06 - 6.07 p-LIM379*, p-umc132*, p-phi070*, AY110400_SNP* 
dSPAD 6 452.7 p-phi070 p-phi070 6.07 p-phi070** 
EKV 6 483.5 p-umc2323 p-umc2323 6.07 p-umc2323** 
EWT 6 504.8 p-umc1350 p-umc1350 6.07 p-umc1350** 
dSPAD 6 540.86 p-std614041E03 p-std614041E03 6.07 p-std614041E03** 
SG2 6 452.7 - 472.3 p-phi070 AY110400_SNP 6.07 p-phi070*, AY110400_SNP* 
AKWT 6 472.3 - 483.5 AY110400_SNP p-umc2323 6.07 AY110400_SNP*, p-umc2323* 
ASI 6 472.3 - 504.8 AY110400_SNP p-umc1350 6.07 
AY110400_SNP**, p-umc2323**, p-mmpP2H08*, 
AY104289_IDP**, p-umc1350** 
AKH 6 483.5 - 501.2 p-umc2323 AY104289_IDP 6.07 p-umc2323**, p-mmpP2H08**, AY104289_IDP* 
KPR 6 483.5 - 510.6 p-umc2323 p-Bnlg1740 6.07 
p-umc2323*, p-mmpP2H08**, AY104289_IDP*,                    
p-umc1350**, p-Bnlg1740** 
YPP 6 491.8 - 510.6 p-mmpP2H08 p-Bnlg1740 6.07 p-mmpP2H08**, p-umc1350**, p-Bnlg1740** 
SFL 6 504.8 - 510.6 p-umc1350 p-Bnlg1740 6.07 p-umc1350*, p-Bnlg1740* 
CBL 6 504.8 - 510.6 p-umc1350 p-Bnlg1740 6.07 p-umc1350*,  p-Bnlg1740* 
SG3 6 450.7 - 548.7 p-phi299852 p-cdo202 6.07 - 6.08 
p-phi299852*, p-phi070**, AY110400_SNP***,                            
p-umc2323**, p-mmpP2H08**, AY109797_SNP*, 
AY109996_IDP*, p-Bnlg1136***, p-umc2324*,                     
p-cdo202** 
DFF 6 472.3 - 548.7 AY110400_SNP p-cdo202 6.07 - 6.08 
AY110400_SNP**, p-umc2323**, p-mmpP2H08**, 
AY109797_SNP**, AY104289_IDP**, p-umc1350**,             
p-Bnlg1136*, p-umc1653**, p-umc2324*, p-cdo202** 
DMF 6 472.3 - 548.7 AY110400_SNP p-cdo202 6.07 - 6.08 
AY110400_SNP**, p-umc2323**, p-mmpP2H08**, 
AY109797_SNP**, AY104289_IDP**, p-umc1350**,             
p-Bnlg1740*, AY109996_IDP**, p-Bnlg1136**,                     
p-umc1653**, p-umc2324**, p-cdo202** 
PHT 6 521.9 - 548.7 AY109996_IDP p-cdo202 6.07 - 6.08 
AY109996_IDP*, p-Bnlg1136**, p-umc1653**,                     
p-std614041E03**, p-umc2324**, p-cdo202** 
EHT 6 531.8 - 548.7 p-Bnlg1136 p-cdo202 6.07 - 6.08 
p-Bnlg1136**, p-umc1653**, p-std614041E03**,                   
p-umc2324**, p-cdo202** 
SG2 6 531.8 - 548.7 p-Bnlg1136 p-cdo202 6.07 - 6.08 p-Bnlg1136**, p-cdo202** 
SG1 6 548.7 p-cdo202 p-cdo202 6.08 p-cdo202** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.22 QTL on Chromosome 7 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SG3 7 13.8 p-umc1241 p-umc1241 7.00 p-umc1241* 
SPAD2 7 53.3 p-Bnlg2132 p-Bnlg2132 7.00 p-Bnlg2132** 
SG1 7 13.8 - 53.3 p-umc1241 p-Bnlg2132 7.00 p-umc1241**, p-Bnlg2132** 
SG2 7 13.8 - 53.3 p-umc1241 p-Bnlg2132 7.00 p-umc1241**, p-umc1642***, p-Bnlg2132** 
SGA 7 13.8 - 53.3 p-umc1241 p-Bnlg2132 7.00 p-umc1241**, p-umc1642*, p-Bnlg2132* 
SPAD1 7 61.3 p-Asg8 p-Asg8 7.01 p-Asg8* 
ASI 7 118.5 - 127.6 p-mmpP6E05 p-umc2325 7.01 p-mmpP6E05**, p-umc1066**, p-umc1577*, p-umc2325** 
DMF 7 69.1 - 170.8 AY104465_IDP p-csu1140 7.01 
AY104465_IDP**, p-umc1159**, p-mmpP6E05**,                         p-
umc1066**, p-umc1577**, p-umc2325**, AY109536_SNP**,               
p-umc2326**, p-umc1978**, AY105589_IDP**, p-csu1140** 
DFF 7 92 - 127.6 p-umc1159 p-umc2325 7.01 
p-umc1159**, p-mmpP6E05**, p-umc1066**, p-umc1577**,                      
p-umc2325** 
SG2 7 113.4 - 176.8 p-mmpP2B02 AY110576_SNP 7.01 - 7.02 p-mmpP2B02**, AY105589_IDP**, AY110576_SNP* 
SPAD1 7 115.81 - 182.6 p-std945022B08 p-psr371 7.01 - 7.02 
p-std945022B08*, AY109536_SNP**, p-umc1927**, 
AY110576_SNP***, p-phi034*, p-psr371** 
PHT 7 162.4 AY105589_IDP AY105589_IDP 7.02 AY105589_IDP** 
EHT 7 162.4 AY105589_IDP AY105589_IDP 7.02 AY105589_IDP* 
AKH 7 204.8 p-umc1932 p-umc1932 7.02 p-umc1932** 
DMF 7 228.7 AY109968_SNP AY109968_SNP 7.02 AY109968_SNP* 
SG3 7 265.3 p-mmpP2C11 p-mmpP2C11 7.02 p-mmpP2C11* 
SPAD2 7 265.3 p-mmpP2C11 p-mmpP2C11 7.02 p-mmpP2C11** 
SG3 7 122.4 - 176.8 p-umc2326 AY110576_SNP 7.02 
p-umc2326**, p-umc1978**, AY105589_IDP***, p-csu1140**, 
AY110576_SNP** 
dSPAD 7 151.5 - 195.6 AY109536_SNP p-LIM333 7.02 
AY109536_SNP**, p-umc2326***, p-umc1927*, 
AY110576_SNP**,      p-LIM333** 
SGA 7 154.8 - 176.8 p-umc2326 AY110576_SNP 7.02 p-umc2326*, p-umc1978*, AY105589_IDP***, AY110576_SNP** 
EKV 7 195.6 - 204.8 p-LIM333 p-umc1932 7.02 p-LIM333**, p-umc1932** 
CBD 7 244.3 - 288.9 p-umc1983 p-umc116 7.02 p-umc1983*, p-umc116* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.22 Continued  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
DMF 7 292.7 p-mmc0411 p-mmc0411 7.03 p-mmc0411* 
EHT 7 309.9 p-Bnl15.21 p-Bnl15.21 7.03 p-Bnl15.21* 
DMF 7 351.4 p-umc1660 p-umc1660 7.03 p-umc1660* 
SG1 7 315.9 - 383.8 p-umc1450 p-Bnlg2271 7.03 
p-umc1450**, p-umc1987**, p-std687023C03**,                  
p-std946091A05**, AY110374_IDP**, p-umc1660**,           
p-G23C-09**, p-umc56**, p-umc110**, p-umc1837*,                   
p-rz404*, p-Bnlg155**, p-umc111**, p-Bnlg2271* 
SG3 7 338.45 - 344.9 p-mbd108 p-std946091A05 7.03 p-mbd108*, p-std946091A05*** 
SGA 7 338.45 - 376.9 p-mbd108 p-Bnlg155 7.03 
p-mbd108**, p-std687023C03**, p-std946091A05***, 
AY110374_IDP**, p-umc1660*, p-G23C-09**,                    
p-umc110**, p-Bnlg155* 
SG2 7 344.9 - 364.8 p-std946091A05 p-umc110 7.03 
p-std946091A05***, p-G23C-09*, p-umc56*,                          
p-umc110* 
SPAD1 7 368.9 - 464.5 p-umc1837 p-Bcd349 7.03 - 7.04 
p-umc1837**, p-Bnlg155**, p-ZmISU150*, p-csu209*, 
p-umc1301*, p-Asg32*, p-Bcd349* 
dSPAD 7 399.3 - 430.5 p-csu209 p-Bnlg1666 7.03 - 7.04 
p-csu209*, p-psr135*, p-umc1301**, p-umc254*,                 
p-ufgBE-F12**, p-Bnlg1666** 
SG2 7 427.5 p-ufgBE-F12 p-ufgBE-F12 7.04 p-ufgBE-F12* 
CBD 7 427.5 p-ufgBE-F12 p-ufgBE-F12 7.04 p-ufgBE-F12* 
DMF 7 473.4 - 497.6 p-ufgSK-2H4 p-ufg96-603-E10 7.04 
p-ufgSK-2H4**, p-csu8**, p-Bnlg2259**,p-umc1295**,                          
p-ufg96-603-E10* 
SG1 7 532 p-umc245 p-umc245 7.05 p-umc245** 
dSPAD 7 538.7 p-php20909 p-php20909 7.05 p-php20909* 
AKL 7 547.7 p-mmpP2A12 p-mmpP2A12 7.05 p-mmpP2A12* 
SPAD2 7 532 - 547.7 p-umc245 p-mmpP2A12 7.05 
p-umc245**, p-G21B-07*, p-php20909**,                             
p-php20909***, p-mmpP2F04**, p-mmpP2A12** 
ERD 7 536.7 - 547.7 p-G21B-07 p-mmpP2A12 7.05 
p-G21B-07*, p-php20909**, p-php20909*,                              
p-mmpP2F04*, p-mmpP2A12** 
ERC 7 536.7 - 547.7 p-G21B-07 p-mmpP2A12 7.05 
p-G21B-07*, p-php20909**, p-php20909*,                             
p-mmpP2F04**, p-mmpP2A12** 
SPAD1 7 543.4 - 586.6 p-mmpP2F04  p-cdo938 7.05 p-mmpP2F04*, p-mmpP2A12*, p-cdo938* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.23 QTL on Chromosome 8 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
ASI 8 0 p-G10F-01 p-G10F-01 8.01 p-G10F-01** 
SPAD1 8 10.1 p-G7A-10 p-G7A-10 8.01 p-G7A-10* 
SG3 8 33.8 p-umc1592 p-umc1592 8.01 p-umc1592** 
SG1 8 48 p-umc1414 p-umc1414 8.01 p-umc1414* 
KPR 8 48 p-umc1414 p-umc1414 8.01 p-umc1414* 
SFL 8 105.4 p-Bnlg1194 p-Bnlg1194 8.01 p-Bnlg1194* 
CBL 8 105.4 p-Bnlg1194 p-Bnlg1194 8.01 p-Bnlg1194* 
DMF 8 0 - 30.3 p-G10F-01 p-umc2042 8.01 p-G10F-01*, p-csu319**, p-umc1139*, p-umc2042** 
DFF 8 0 - 5.9 p-G10F-01 p-csu319 8.01 p-G10F-01**, p-csu319** 
EWT 8 132.4 p-Bnlg2235 p-Bnlg2235 8.02 p-Bnlg2235* 
SG2 8 135.6 p-Bcd1823 p-Bcd1823 8.02 p-Bcd1823* 
YPP 8 135.6 p-Bcd1823 p-Bcd1823 8.02 p-Bcd1823* 
DMF 8 108.11 - 111 p-std614021F06 p-gpm11 8.02 p-std614021F06**, p-gpm11** 
SPAD2 8 111 - 132.4 p-gpm11 p-Bnlg2235 8.02 p-gpm11*, p-umc1304**, p-Bnlg2235*** 
SGA 8 132.4 - 135.6 p-Bnlg2235  p-Bcd1823 8.02 p-Bnlg2235**, p-Bcd1823** 
SG1 8 132.4 - 176.5 p-Bnlg2235 p-std605049E09 8.02 
p-Bnlg2235**, p-Bcd1823**, p-mmpP2B04*,                                   
p-std605049E09* 
CWT 8 132.4 - 179.5 p-Bnlg2235 p-umc1530 8.02 - 8.03 p-Bnlg2235**, p-umc1974*, p-umc1530* 
SPAD1 8 156.6 - 203 p-psr598 AY110450_SNP 8.02 - 8.03 p-psr598*, AY110450_SNP* 
dSPAD 8 128.6 - 310.4 p-umc1304 AY110056_SNP 8.02 - 8.04 
p-umc1304*, p-Bnlg2235***, p-Bcd1823*, p-umc1974**,                         
p-umc1530*, p-mmpP4B03**, p-Bnlg2082***,                             
p-umc1807**, p-mmpP5B12*, p-umc1470*, 
AY103821_IDP*, p-umc2075*, p-phi100175**,                         
p-umc1457*, p-phi121**, p-umc1460*, AY110056_SNP* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR) 
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Table 1.23 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
CBD 8 191 p-mmpP4B03 p-mmpP4B03 8.03 p-mmpP4B03* 
ASI 8 205.8 p-umc1807 p-umc1807 8.03 p-umc1807* 
SPAD2 8 200.3 - 231.2 p-Bnlg2082 p-umc1470 8.03 p-Bnlg2082*, p-umc1470* 
SG3 8 231.2 - 279.9 p-umc1470  p-umc1735 8.03 
p-umc1470***, p-umc1984*, AY103821_IDP*,                  
p-umc2075*,  p-umc1735*  
PHT 8 289.8 - 294.1 p-phi121 p-std606040F04 8.03 p-phi121*, p-std606040F04** 
EHT 8 289.8 - 294.1 p-phi121 p-std606040F04 8.03 p-phi121**, p-std606040F04** 
SPAD1 8 274.9 - 596.4 p-phi100175 AY110127_SNP 8.03 - 8.09 
p-phi100175**, p-phi121***, p-std606040F04**,               
p-umc1460***, AY110056_SNP***,                               
p-umc1858***, p-Bnlg2046***, AY104017_IDP***, 
p-gta101***, p-umc1130**, p-umc1309***, 
AY104566_IDP***, p-mmpP1H01***,                             
p-umc1959***, p-rz390**, p-umc1316**,                      
p-umc2356***, AY109883_SNP***, p-umc1728*,      
p-Bnlg1031**, p-npi268***, p-umc1607***, 
AY110569_SNP*, p-LIM301**, p-Bnlg1828***,             
p-npi414***, p-umc2357**, AY109593_SNP*,                
p-umc1005***, p-umc1933***, p-mmpP5E07**,             
p-umc1673***, AY110053_SNP*, p-G8H-12**,               
p-phi015*, p-csu146*, p-Agrr21**, AY110127_SNP* 
CBD 8 323.8 p-gta101 p-gta101 8.04 p-gta101* 
RPE 8 320.6 - 323.8 AY104017_IDP p-gta101 8.04 AY104017_IDP*, p-gta101* 
CWT 8 315.2 - 366.8 p-Bnlg2046 p-Bnlg2181 8.04 - 8.05 p-Bnlg2046*, p-gta101**, p-Bnlg2181* 
SPAD2 8 315.2 - 373.5 p-Bnlg2046 p-rz390 8.04 - 8.05 
p-Bnlg2046**, AY104017_IDP**, p-gta101***,                            
p-umc1309***, AY104566_IDP**, p-umc1959**,              
p-psb107**, p-rz390*** 
SG1 8 323.8 - 356.6 p-gta101 p-psb107 8.04 - 8.05 p-gta101*, p-umc1309*, p-psb107* 
SG2 8 356.6 p-psb107 p-psb107 8.05 p-psb107* 
SG3 8 356.6 - 373.5 p-psb107 p-rz390 8.05 p-psb107*, p-rz390** 
SGA 8 356.6 - 373.5 p-psb107 p-rz390 8.05 p-psb107**, p-rz390** 
DMF 8 366.8 - 377.7 p-Bnlg2181 p-umc1340 8.05 p-Bnlg2181*, p-rz390*, p-umc1340* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR) 
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Table 1.23 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
AKL 8 432.2 p-umc1728 p-umc1728 8.06 p-umc1728* 
ASI 8 432.4 p-umc1728 p-umc1728 8.06 p-umc1728* 
KPR 8 432.4 p-umc1728 p-umc1728 8.06 p-umc1728** 
EWT 8 432.4 p-umc1728 p-umc1728 8.06 p-umc1728* 
YPP 8 432.4 p-umc1728 p-umc1728 8.06 p-umc1728** 
SG1 8 448.86 p-std606017H04 p-std606017H04 8.06 p-std606017H04* 
DFF 8 432.4 - 439.6 p-umc1728 p-umc1905 8.06 p-umc1728**, p-umc1905** 
AKH 8 432.4 - 439.6 p-umc1728 p-umc1905 8.06 p-umc1728**, p-umc1905** 
DMF 8 432.4 - 524.6 p-umc1728 AY109593_SNP 8.06 - 8.08 
p-umc1728**, p-umc1905**, p-Bnlg1823*, 
AY110569_SNP*, p-npi414*, p-umc2357*, 
AY109593_SNP** 
SPAD2 8 455.1 - 632 p-Bnlg1031 AY109853_IDP 8.06 - 8.09 
p-Bnlg1031**, p-npi268***, p-umc1607***,                            
p-Bnlg1823*, AY110569_SNP**, p-LIM301*,                          
p-Bnlg1828***, p-npi414**, p-umc2357***,                   
AY10p-umc19163_SNP**, p-umc1005***,                                   
p-umc1933***, p-mmpP5E07***, p-umc1673***, 
AY110053_SNP***, p-G8H-12***, p-phi015***,                     
p-csu146***, p-Agrr21***, AY110127_SNP**,                        
p-umc1663**, p-umc1916**, AY109853_IDP*** 
CBD 8 504.3 - 509.8 p-LIM301 p-npi414 8.07 - 8.08 p-LIM301**, p-Bnlg1828**, p-npi414* 
CWT 8 544.7 p-mmpP5E07 p-mmpP5E07 8.08 p-mmpP5E07* 
SFL 8 575.4 p-csu146 p-csu146 8.08 p-csu146** 
CBL 8 575.4 p-csu146 p-csu146 8.08 p-csu146** 
dSPAD 8 544.7 - 626.7 p-mmpP5E07 p-umc1916 8.08 - 8.09 
p-mmpP5E07*, p-phi015**, p-csu146**, p-Agrr21*,                  
p-umc1663*, p-umc1916** 
SG2 8 571.5 - 626.7 p-phi015 p-umc1916 8.08 - 8.09 p-phi015**, p-csu146**, p-Agrr21**, p-umc1916** 
SGA 8 575.4 - 632 p-csu146 AY109853_IDP 8.08 - 8.09 
p-csu146*, p-Agrr21*, p-umc1663*, p-umc1916***, 
AY109853_IDP** 
SG1 8 626.7 - 632 p-umc1916 AY109853_IDP 8.09 p-umc1916**, AY109853_IDP* 
SG3 8 626.7 - 632 p-umc1916 AY109853_IDP 8.09 p-umc1916**, AY109853_IDP* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.24 QTL on Chromosome 9 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
DMF 9 5 p-umc109 p-umc109 9.01 p-umc109* 
SPAD1 9 62.3 - 105.8 p-Bnlg1583 p-csu471 9.01 - 9.02 
p-Bnlg1583**, p-pC1L1***, p-umc2335***,                               
p-umc1588***, p-umc1967***, p-umc1596***,                          
p-umc204**, AY104252_IDP**, p-csu471** 
SPAD2 9 64.7 - 142.6 p-pC1L1 p-Bnlg1401 9.01 - 9.02 
p-pC1L1**, p-umc2335***, p-umc1588**, p-umc1967**, 
AY104252_IDP*, p-csu471**, p-Bnlg1401* 
SG1 9 131.1 p-umc1636 p-umc1636 9.02 p-umc1636* 
SG2 9 131.1 - 139 p-umc1636 p-mmpP1E10 9.02 p-umc1636**, p-mmpP1E10** 
DMF 9 142.6 - 195.7 p-Bnlg1401 p-umc1258 9.02 - 9.03 
p-Bnlg1401**, p-Bnlg1401**, p-LIM286**, p-umc1634**,                            
p-umc1258** 
EHT 9 190.1 - 311.5 p-LIM286 p-Bnlg1012 9.02 - 9.04 
p-LIM286**, p-umc1258*, p-umc1191**, p-Asg63**,                
p-umc1271**, p-umc1691**, p-umc1688**, p-umc1921**, 
p-umc1700**, p-umc1743**, p-rz682**, p-Bnl7.13**,             
p-LIM166**, p-Bnlg1209**, p-psr547**, p-psr129**,              
p-umc1107**, p-gta101**, p-Bnlg1012** 
PHT 9 190.1 - 311.5 p-LIM286 p-phi032 9.02 - 9.04 
p-LIM286*, p-umc1191*, p-Asg63*, p-umc1271**,           
p-umc1691**, p-umc1921**, p-umc1700**, p-umc1743**, 
p-rz682**, p-Bnl7.13**, p-LIM166**, p-Bnlg1209**,              
p-psr547**, p-psr129**, p-umc1107**, p-gta101**,                      
p-Bnlg1012*, p-umc1492**, p-phi032* 
DFF 9 193.2 p-umc1634 p-umc1634 9.03 p-umc1634* 
SG1 9 204.4 - 235.5 
p-ufga1mum2-
G09 
p-ufga1mum2-G09 9.03 p-ufga1mum2-G09*, p-psr160**, p-mmpP1B03* 
SGA 9 204.4 - 247.6 
p-ufga1mum2-
G09 
p-umc1688 9.03 
p-ufga1mum2-G09*, p-psr160***, p-umc2338**,                        
p-umc81**, p-Bnl5.46**, p-mmpP1B03**, p-umc1688* 
SG2 9 216.2 - 230 p-psr160 p-Bnl5.46 9.03 p-psr160***, p-Bnl5.46** 
dSPAD 9 216.2 - 230 p-psr160 p-Bnl5.46 9.03 p-psr160***, p-umc81*, p-Bnl5.46* 
SG3 9 216.2 - 235.5 p-psr160 p-mmpP1B03 9.03 
p-psr160***, p-umc2338**, p-umc81***, p-Bnl5.46***,               
p-umc1191*, p-mmpP1B03* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
96 
 
Table 1.24 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SPAD2 9 216.2 - 328.78 p-psr160 p-Bnlg1012 9.03 - 9.04 
p-psr160***, p-umc2338***, p-chr120**, p-umc81*, 
p-Bnl5.46***, p-umc1191**, p-mmpP1B03**,                  
p-umc1691**, p-umc1688*, p-Bnl7.13***,                         
p-LIM166*, p-Bnlg1209*, p-Bnlg1012* 
SPAD1 9 219.4 - 298 p-umc2338 p-Bnlg1012 9.03 - 9.04 
p-umc2338**, p-umc1191*, p-umc1271**,                        
p-umc1691***, p-umc1700*, p-umc1743**, p-rz682*, 
p-Bnl7.13***, p-LIM166***, p-Bnlg1209**,                   
p-umc1107**, p-Bnlg1012** 
DMF 9 251.8 - 344.8 p-umc1700 p-umc1657 9.03 - 9.05 
p-umc1700*, p-Bnlg1209**, p-psr547*, p-psr129**,  
p-gta101**, p-ufg99F-220-D01*, p-umc1492**,                 
p-phi032**, p-umc38*, p-umc1078**, p-umc1657** 
SPAD1 9 369.3 AY109792_SNP AY109792_SNP 9.05 AY109792_SNP* 
SG1 9 373.2 AY110217_SNP AY110217_SNP 9.05 AY110217_SNP* 
DFF 9 421.6 p-mmpP4E07 p-mmpP4E07 9.05 p-mmpP4E07** 
ASI 9 421.6 p-mmpP4E07 p-mmpP4E07 9.05 p-mmpP4E07* 
SG2 9 335.8 - 378.9 p-ufgWAB-G01 p-umc2095 9.05 p-ufgWAB-G01*, AY110217_SNP*, p-umc2095* 
SGA 9 373.2 - 378.9 AY110217_SNP p-umc2095 9.05 AY110217_SNP**, p-umc2095** 
SG3 9 373.2 - 441.2 AY110217_SNP p-Asg44 9.05 - 9.06 
AY110217_SNP*, p-umc2095***, p-umc2341*,                 
p-ufg3286-E12L**, p-umc2134**, p-Asg44* 
DMF 9 421.6 - 495.02 p-mmpP4E07 p-std486073B08 9.05 - 9.06 
p-mmpP4E07**, p-csu93*, p-ufg99F-232-G02**,              
p-umc1733*, p-std486073B08* 
EHT 9 477.2 p-ufg99F-232-G02 p-ufg99F-232-G02 9.06 p-ufg99F-232-G02* 
SG1 9 495.02 p-std486073B08 p-std486073B08 9.06 p-std486073B08* 
SPAD2 9 528.9 p-Bnl14.28 p-Bnl14.28 9.06 p-Bnl14.28* 
SG1 9 429.7 - 431.7 AY109550_IDP p-G22H-12 9.06 AY109550_IDP*, p-G22H-12** 
SG2 9 429.7 - 431.7 AY109550_IDP p-G22H-12 9.06 AY109550_IDP*, p-G22H-12* 
SPAD1 9 489.9 - 492.3 p-umc1366 p-umc1733 9.06 p-umc1366*, p-umc1733** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.24 Continued  
Trait Chr. QTL Range (cM) LFM RFM BIN Significant Markers in Range 
SG2 9 495.02 - 577.2 p-std486073B08 p-umc2131 9.06 - 9.07 
p-std486073B08**, AY109819_SNP*, p-Bnl14.28*,               
p-umc1789**,  p-Bnlg619**, p-mmpP2G10***,                   
p-umc2089**, p-umc2131*, p-umc2131** 
SG3 9 526 - 577.2 AY109819_SNP p-umc2131 9.06 - 9.07 
AY109819_SNP**, p-umc1789*, p-Bnlg619**,                    
p-mmpP2G10**, p-umc2089**, p-umc2131*,                    
p-umc2131*** 
SGA 9 526 - 577.2 AY109819_SNP p-umc2131 9.06 - 9.07 
AY109819_SNP**, p-Bnl14.28*, p-umc1789*,                        
p-Bnlg619**, p-mmpP2G10**, p-umc2089**,                      
p-umc2131*, p-umc2131*** 
YPP 9 577.2 p-umc2131 p-umc2131 9.07 p-umc2131* 
DFF 9 621.97 p-dmt103 p-dmt103 9.07 p-dmt103* 
SG1 9 556.4 - 577.2 p-mmpP2G10 p-umc2131 9.07 p-mmpP2G10*, p-umc2131** 
ERD 9 556.4 - 577.2 p-mmpP2G10 p-umc2131 9.07 p-mmpP2G10**, p-umc2131** 
CBD 9 556.4 - 577.2 p-mmpP2G10 p-umc2131 9.07 p-mmpP2G10*, p-umc2131* 
ERC 9 556.4 - 577.2 p-mmpP2G10 p-umc2131 9.07 p-mmpP2G10**, p-umc2131** 
DMF 9 573.77 - 633.2 p-Brd102 p-umc1982 9.07 p-Brd102**, p-dmt103**, p-umc1982* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.25 QTL on Chromosome 10 along with the significant markers within each QTL and their significance level  
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
SPAD2 10 0 p-mmpP4B06 p-mmpP4B06 10.00 p-mmpP4B06** 
SGA 10 16.6 - 76.2 p-umc1380 p-umc2053 10.00 - 10.01 p-umc1380*, p-phi041**, p-umc2053* 
SG3 10 0 - 76.2 p-mmpP4B06 p-umc2069 10.00 - 10.02 
p-mmpP4B06*, p-umc1380***, AY110060_SNP**,              
p-psr119*, p-phi041**, p-umc2053***, 
AI795367_SNP***, AY109994_SNP***,                           
p-ZmISU85**, p-umc2114**, p-umc2069* 
DMF 10 16.6 - 146.8 p-umc1380 p-rz900 10.00 - 10.02 
p-umc1380**, p-php20626*, AY110060_SNP**,             
p-psr119**, p-phi041*, p-php20075**, 
AW225120_IDP**, p-umc2053**, p-umc1576**, 
AY110360_SNP**, p-umc2034**, AY109994_SNP**, 
p-ZmISU85**, p-rz900** 
DFF 10 22.3 - 64.1 AY110060_SNP AW225120_IDP 10.00 - 10.02 AY110060_SNP*, AW225120_IDP** 
SG2 10 134.8 - 144.8 AI795367_SNP p-ZmISU85 10.02 
AI795367_SNP***, AY109994_SNP***,                           
p-ZmISU85** 
CWT 10 134.8 - 148.9 AI795367_SNP p-umc2114 10.02 AI795367_SNP*, p-umc2114** 
SGA 10 134.8 - 155.9 AI795367_SNP p-umc2114 10.02 
AI795367_SNP***, AY109994_SNP***,                                
p-ZmISU85**, p-umc2114** 
SG3 10 134.8 - 155.9 AI795367_SNP p-umc2069 10.02 
AI795367_SNP***, AY109994_SNP***,                           
p-ZmISU85**, p-umc2114**, p-umc2069* 
SG1 10 134.8 - 183.4 AI795367_SNP p-Bnlg210 10.02 - 10.03 
AI795367_SNP**, AY109994_SNP**, p-umc2069**,    
p-C6D-04*, p-Bnlg210* 
dSPAD 10 134.8 - 183.4 AI795367_SNP p-Bnlg210 10.02 - 10.03 
AI795367_SNP**, AY109994_SNP***,                           
p-ZmISU85**, p-rz900***, p-C6D-04*, p-Bnlg210** 
SPAD2 10 142 - 160 AY109994_SNP p-umc130 10.02 - 10.03 AY109994_SNP*, p-umc2069**, p-umc130* 
SPAD1 10 97.9 - 196.4 p-umc1576 p-Bcd147 10.02 - 10.03 
p-umc1576*, AI795367_SNP*, p-C6D-04**,                     
p-std606050F09**, p-ufg99F-217-A01**, p-Bcd147* 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.25 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
EWT 10 183.4 p-Bnlg210 p-Bnlg210 10.03 p-Bnlg210* 
DFF 10 203 p-ufg113-106 p-ufg113-106 10.03 p-ufg113-106* 
SG1 10 234.3 p-csu969 p-csu969 10.03 p-csu969** 
dSPAD 10 234.3 p-csu969 p-csu969 10.03 p-csu969*** 
KPR 10 183.4 - 191.2 p-Bnlg210 AY110411_SNP 10.03 p-Bnlg210*, AY110411_SNP** 
SFL 10 183.4 - 191.2 p-Bnlg210 AY110411_SNP 10.03 
p-Bnlg210**, p-std606050F09*, 
AY110411_SNP** 
CBL 10 183.4 - 191.2 p-Bnlg210 AY110411_SNP 10.03 
p-Bnlg210**, p-std606050F09*, 
AY110411_SNP** 
SGA 10 234.3 - 251.6 p-csu969 p-mmpP1H12 10.03 - 10.04 p-csu969**, p-umc1246*, p-mmpP1H12* 
SPAD2 10 234.3 - 295.9 p-csu969 p-umc1115 10.03 - 10.04 
p-csu969***, p-umc1246*, p-umc1836**,                 
p-umc1115* 
DMF 10 203 - 383.4 p-ufg113-106 p-psb365 10.03 - 10.06 
p-ufg113-106**, p-umc1179**, p-Bnlg1079**, 
p-psr690**, p-Bnlg1712**, p-phi050**,                   
p-umc2349**, p-umc64**, p-umc2348**,                  
p-umc1246**, p-mmpP1H12**, 
AY110514_SNP**, AY109920_SNP**, 
AY109876_SNP**, p-umc1836**, p-psb527**, 
AY110365_SNP**, p-umc1911**, 
AY109698_IDP**, p-umc1330*, p-umc1697**, 
p-umc1272*, p-umc1930**, p-umc259**,                    
p-umc1677**, p-ZmISU58*, AY110634_SNP*, 
p-mmpP1G05**, p-Bnlg1074**, p-ufgW22-
C03*, p-csu745**, p-Bnlg1028**,                     
p-psb365*** 
SG3 10 248.2 p-umc1246 p-umc1246 10.04 p-umc1246* 
SPAD1 10 295.9 p-umc1115 p-umc1115 10.04 p-umc1115** 
DFF 10 261.8 - 306.9 p-umc1836 p-umc1930 10.04 p-umc1836*, p-psb527**, p-umc1930* 
SG3 10 306.9 - 332.1 p-umc1930 p-Bnlg1074 10.04 - 10.05 p-umc1930*, p-Bnlg1074** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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Table 1.25 Continued 
Trait Chr. 
QTL Range 
(cM) 
LFM RFM BIN Significant Markers in Range 
DFF 10 383.4 p-psb365 p-psb365 10.06 p-psb365* 
YPP 10 414.1 p-ufgBE-C07 p-ufgBE-C07 10.06 p-ufgBE-C07* 
SG2 10 422.7 p-ufgBE-A07 p-ufgBE-A07 10.06 p-ufgBE-A07** 
CBD 10 422.7 p-ufgBE-A07 p-ufgBE-A07 10.06 p-ufgBE-A07* 
SFL 10 375.01 - 416.6 p-gpm15 p-ufgSK-2G3 10.06 p-gpm15*, p-umc1993**, p-ufgBE-C07**, p-ufgSK-2G3* 
CBL 10 375.01 - 416.6 p-gpm15 p-ufgSK-2G3 10.06 p-gpm15*, p-umc1993**, p-ufgBE-C07**, p-ufgSK-2G3* 
SG1 10 375.01 - 422.7 p-gpm15 p-ufgBE-A07 10.06 p-gpm15*, p-ufgBE-C07*, p-ufgBE-A07** 
KPR 10 410.6 - 414.1 p-umc1993 p-ufgBE-C07 10.06 p-umc1993*, p-ufgBE-C07* 
EWT 10 410.6 - 414.1 p-umc1993 p-ufgBE-C07 10.06 p-umc1993**, p-ufgBE-C07** 
SGA 10 410.6 - 422.7 p-umc1993 p-ufgBE-A07 10.06 p-umc1993*, p-ufgBE-C07**, p-ufgBE-A07*** 
dSPAD 10 410.6 - 422.7 p-umc1993 p-ufgBE-A07 10.06 p-umc1993*, p-ufgBE-C07*, p-ufgBE-A07*** 
CWT 10 410.6 - 422.7 p-umc1993 p-ufgBE-A07 10.06 p-umc1993**, p-ufgBE-C07**, p-ufgBE-A07** 
SG3 10 414.1 - 437.6 p-ufgBE-C07 p-Bnl7.49 10.06 - 10.07 p-ufgBE-C07*, p-ufgBE-A07***, p-Bnl7.49* 
SPAD2 10 414.1 - 464.6 p-ufgBE-C07 p-mmpP3H02 10.06 - 10.07 
p-ufgBE-C07**, p-ufgSK-2G3***, p-ufgBE-A07***,                  
p-mmpP3H02* 
SPAD1 10 464.6 p-mmpP3H02 p-mmpP3H02 10.07 p-mmpP3H02** 
PHT 10 513.2 p-umc2126 p-umc2126 10.07 p-umc2126** 
SG2 10 522.6 p-ZmISU53 p-ZmISU53 10.07 p-ZmISU53** 
SPAD1 10 533.2 p-csu48 p-csu48 10.07 p-csu48** 
SG1 10 505.5 - 522.6 p-umc2021 p-ZmISU53 10.07 p-umc2021**, p-ZmISU53** 
SG3 10 509.9 - 513.2 AY109829_SNP p-umc2126 10.07 AY109829_SNP**, p-umc2126** 
*** P < 0.01, ** P < 0.05, * P < 0.1 (FDR)     
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